per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Gassification ^ ; 

C07K 5/02, 5/06 

C07D 401/06, A61K 37/64 

A61K 31/435 



Al 



(11) International Publication Number: WO 93/25574 

(43) International Publication Date: 23 December 1993 (23.12.93) 



(21) International Application Number: PCT/US93/03625 

(22) International Filing Date: 23 April 1993 (23.04.93) 



(30) Priority data: 

897,723 



12 June 1992(12.06.92) 



US 



(60) Parent Application or Grant 
(63) Related by Continuation 
US 

Filed on 



897.723 (CIP) 
12 June 1992 (12.06.92) 



(71) Applicant (for all designated States except US): PFIZER 
INC. [US/USJ; 235 East 42nd Street, New York, NY 
10017 (US). 



(72) Inventor; and 

(75) Inventor/Applicant (for US only) : HOOVER, Dennis, J. 
[US/USJ; 169 Cove Road, Stonington, CT 06378 (US). 

(74) Agents: RICHARDSON, Peter, C. et al.; Pfizer Inc., 235 
East 42nd Street, New York, NY 10017 (US). 



(81) Designated States: CA, JP, US, European patent (AT, BE. 
CH, DE, DK, ES, PR, GB, GR, IE. IT, LU. MC, NL, 
PT, SE). 



Published 

With international seardt report. 



(54) Title: INHIBITORS OF ANGIOTENSIN I CHYMASE(S) INCLUDING HUMAN HEART CHYMASE 




(57) Abstract 

A compound of formula (I) which is effective for treating or preventing hypertension, congestive heart failure, myocardial 
infarction, cardiac and left ventricular hypertrophy, coronary artery disease including myocardial infarction, vascular hypertro- 
phy, and vascular damage following diabetic and non-diabetic renal disease, and vascular damage associated with angioplasty 
and aetheroma. 



BE§T AVAIUBLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Cbdes useit to identify States 
applications under the PCT. 



AT 


Aufttrb 


AU 


Australia 


86 


BarfouUos 


BE 


Belgium 


ar 


Burkina Faso 


BC 


Bulgaria 


ai 


Bcnlii 


BR 


Bray.il 


CA 


Canada 


CF 


Central ATrican Ri:publtc 


cc 


Vxmgo 


CH 


SwiucrlantI 


CI 


Cote d*l voire 


CM 


CanicriMm 


CS 


C/cchosluvakUi 


cz 


Ovcii RcpuMk 


DC 


Cicrmany 


DK 


Denmark 


es 


Spain 


Fl 


RnlamJ 



party to the PCT on the front pages of 



FR France 

CA Gabon 

CB United Kingiiom 

CN Guinea 

CR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KP IX;mocfalic People** Republic 

of Korea 

KR Republic of Korea 

KZ Kay^Lh^an 

LI Liechlenslein 

LK Sri Unka 

IM Iji&emhourg 

MC Monaco 

MC MaUaga^kcar 

Ml. Mali 

MN Mongolia 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NL 


Nelberlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Rumania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


su 


Soviet Union 


TO 


Chad 


TC 




UA 


Ukraine 


US 


United Stales of America 


VN 


Viet Nam 



wo 93/25574 



PCr/US93/03625 



-1- 

5 INHIBITORS OF ANGIOTENSIN I CHYMASEfS) 

INCLUDING HUMAN HEART CHYMASE 

Background of the Invention 

This Invention relates to novel polypeptides. These compounds are useful for 

treatment of hypertension, congestive heart failure, cardiac hypertrophy including left 

10 ventricular hypertrophy, peripheral vascular complications, diabetic complications 
including renal disease, and other degenerative disorders mediated by angiotensin IL 
Certain chymases, a sut>family of serine proteases, including human heart 
chymase, human mast cell chymase, and human skin chymase (which if not all the 
same, are very closely related enzymes), have been found to cleave the naturally 

1 5 occurring decapeptide known as angiotensin I to the octs^eptide known as angiotensin 
II, without substantially degrading angiotensin II. These enzymes are termed herein 
angiotensin I chymases. 

Angiotensin II is known to be a potent pressor substance, i.e. a substance tiiat 
is capable of inducing a significant increase in blood pressure and is believed to act 

20 by causing the constriction of blood vessels and the release of the sodium-retaining 
hormone aldosterone from the adrenal gland. Angiotensin II is also produced from the 
decapeptide angiotensin I by the action of angiotensin converting enzyme (ACE). The 
ACE pathway Is the target of a number of therapeutically useful antihypertensive agents. 
Therefore, angiotensin I chymases, including human heart chymase, provide an 

25 ACE-independent pathway for formation of angiotensin II, and are thus implicated as 
a causative factor in certain forms of hypertension and congestive heart failure. 
Angiotensin II is also implicated as a causative agent in other diseases or risk factors 
associated with hypertension, such as cardiac hypertrophy (enlargement of the heart), 
myocardial infarction, vascular hypertrophy (proliferation of vascular smooth muscle 

30 cells), diabetic and nondiabetic renal disease (caused In part by hypertension in the 
kidney), and restenosis or vascular damage in blood vessels of patients suffering from 
aetheroma treated with angioplasty techniques or thrombolytics. It is a current goal of 
antihypertensive therapy to treat or prevent such damage to organs or vessels in 
addition to lowering blood pressure. Angiotensin I chymases, including human heart 

35 chymase, are thereby implicated as causative factors in the above-named degenerative 
disorders in addition to hypertension and congestive heart failure. 



T 
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One meatns of alleviating or preventing the above mentioned adverse effects and 
diseases produced by angiotensin II is the administration of a substance capable of 
inhibiting the angiotensin 1 cleaving action of chymase, including human heart chymase. 

Summary of the Invention 
5 The present invention relates to compounds of the formula 




0 



10 



wherein n is one or two; 

is phenyl, naphthyl, (C3-C7)cycloalkyl, unsaturated heterocyde, or benzo- 

15 fused unsaturated heterocyde; wherein said unsaturated heterocyde is selected from 
pyrrolyl, pyrrolinyl, furyl, dihydrofuryl. thienyl, dihydrothienyl, oxazolyl, oxazolidinyl, 
isoxazolyl, isoxazolinyl, imidazolyl. fmidazollny!, thiazolyl, thiazolidinyl, isothiazolyl, 
isothiazolinyl, pyrazolyl, pyrazoiinyl. triazolyl. tetrazolyl, 1,3,5-oxadlazolyl, 1,2,4- 
oxadiazolyl. 1 ,3,5-thiadiazolyl,1 ,2,4-thiadiazolyl. pyridyl, pyranyl. pyrazinyl, pyrimidinyl, 

20 pyridazinyl, 1 ,2.4-triazinyl. 1.2,3-tria2inyl, 1 ,3,5-tria2inyl, 1 ,2,5-thiadiazinyl, 1,2,5- 
oxathlazinyl. and 1,2,6-oxathiazinyl; wherein said benzofused-unsaturated heterocyde 
is selected from benzoxazolyl. benzothiazolyl, benzimldazolyl, thianaphthenyl, 
isothianaphthenyl, benzofuranyl, isobenzofuranyl, chromenyl, isoindolyl, Indolyl, 
indazolyl, Isoquinolyl. quinolyl, phthalazinyl, quinoxalinyl, quinazolinyl. cinnolinyl and 

25 benzoxazinyl; wherein each of said phenyl, naphthyl, unsaturated heterocyde and 
benzofused unsaturated heterocyde may optionally be substituted with from one to 
three substituents, said substituents being independently selected from bromo. chloro. 
fluoro, (C,-C5)alkyl, (CrC5)alkoxy, {C,.C5)alkylthio. (C,-C5)aIkylamino. (C,- 
CJalkylsulfonyl. (C,-C5)dialkylamino, hydroxy, amino, nitro. cyano. trifluoromethyl, 

30 O 0 0 0 

.C0(C,-C5)alkyl, -CNH^, -CNH{C,-C5)alkyl. -CN-di(C,-C5)alkyl, and fonr^yl; and wherein 
said (C3-C7)cycloalkyl may optionally be substituted with from one to three substituents, 
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said substituents being independently selected from bromo, chloro. fluoro, (C,-C5)alkyl, 
(C,-C5)aIkylthio, {C,-C5)alkoxy, hydroxy, trifluoromethyl and oxo (0=); 

is (CrC5)alkyl, (C3-Ce)cycloalkyl, (C3-Ce)cycloalkyl(C,.C5)alkyl, (C,- 
C5)alkoxy(C,-C2)alkyl, (Ci-C5)alkyithio{C,-C2)alkyl, phenyl, unsaturated heterocyde. 
5 phenyl(Ci-C2)aIkylp or unsaturated helerocycle(C,-C2)alkyl; wherein said unsaturated 
heterocyde is as defined for R^; wherein said unsaturated heterocyde(C^-C2)alkyl is an 
unsaturated heterocyde moiety as defined in R\ wherein any one of the carbon atoms 
of said unsaturated heterocyde moiety is substituted with (C,-C2)alkyl; wherein said (C,- 
C5)alkyt, (C3-C6)cydoalkyl(C,-Cs)alkyl and (Ca-CejcycloaJkyI may optionally be 

10 substituted with one or more fluorine atoms; wherein each of said phenyl, unsaturated 
heterocyde, phenyl(C^-C2)alkyI, and unsaturated heterocycle(Cf-C2)alkyl may optionaily 
be substituted on the ring atoms with from one to three substituents, said substituents 
being independently selected from the functionalities set forth in the definition of R^ for 
the substituents on said phenyl; 

15 R^ is selected from the functionalities listed in groups (a) - (d) below: 

a) piperazino, piperidino, pyn-olidino, 3-azabicydo[3.1 .0]hex-3-yl and azetidino, 
wherein any of the carbon atoms of said piperazino may optionally be substituted with 
one or two substituents, said substituents being independently selected from (C^- 
C5)alkyl, (C,-C5)alkoxy(C,-C3)alkyl. hydroxy(C,.C3)aIkyl. (C,-C5)alkylthio(C,-C3)alkyl, 

20 amino{C,-C3)alkyI, (C|-C5)alkylamino(C,-C3)alkyl, and (C,-C5)dialkylamino(C,-C3)alkyl; 
wherein the nitrogen in the 4 position of said piperazino may optionally be substituted 
with (C,-C5)alkyl, (C,-C5)alkoxy(C2-C4)alkyl. hydroxyCCa-CJalkyI, aminoCCj-CJalkyl. (C,- 
Cs)alkylamino(C2-C4)alkyl, (C,-C5)dialkylamino{C2-C4)alkyl, and 2.2,2-trifIuoroethyl; 
wherein any of the carbon atoms of said piperidino, pyrrolidino, 3-azabicydo[3.1 .0]hex- 

25 3-yl and azetidino may optionally be substituted with one or two substituents, said 
substituents being independently selected from chloro, bromo, fluoro, hydroxy, (C^- 
C5)alkyl, amino(C,-C3)alkyl, (C,-C5)aIkylamino(C,-C3)alkyl, (C^-Cg)dialkylamino(C,- 
C3)alkyl, (C,-C6)alkoxy{C,-C3)alkyl, (C,-C5)aikoxy, {C,-C5)aIkoxy{Ci-C3)alkoxy, amino, 
(C,-C5)alkylamino, (C,-C5)dialkylamino, (C,-C5)alkylthio, oxo (0=). unsaturated 

30 heterocyde, azetidino, pyn'olidino, piperidino, morpholino, 4-oxopiperdino, 4- 
hydroxypiperidino and piperazino, wherein the nitrogen in the 4 position of said 
piperazino may optionally be substituted with (C,-C5)alkyl, (C,-C5)alkoxy(C2-C4)alkyl, 
hydroxy(C2-C4)alkyl, aminoCCj-CJalkyl, (C,-C5)alkylamino(C2-C4)alkyl. (C,- 
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C5)dialkylamino(C2-C4)alkyI, or 2,2,2 trifluoroethyl; wherein said unsaturated heterocycle 
is as defined in R^; wherein said unsaturated heterocycle may optionally be substituted 
with from one to three substituents independently selected from the functionalities set 
forth in the definition of for the substituents on said unsaturated heterocycle; 
5 b) 4-morpholino, 4-thiomorpholino, 1-oxothiomorpholino, or 1,1- 

dioxothiomorpholino; wherein any of the carbon atoms of said 4-morpholino, 4- 
thiomorpholino, 1-oxothiomorpholino, and 1,1 dioxothiomorpholino may optionally be 
substituted with one or two substituents, said substituents being independently selected 
from {C,-C5)alkyl, (C,-C5)alkoxy{C,.C3)alkyl, hydroxy{C,.C3)aIkyl, (C^-C5)alkyfthio(Ci- 
10 C3)alkyl, amino{C,-C3)alkyl, {C,-C5)aIkylamino(C,-C3)alkyl and {C,-C5)dialkylamino{C,- 
C3)alkyl; . 

c) (C^-C7)alkyl or (C3-C7)cycloaikyl; wherein said (C3-C7)cycloalkyl may 
optionally be substituted with from one to three substituents, said substituents being 
independently selected from halo, hydroxy, (C,-C5)alkoxy, (C,-C5)alkoxy(C,-C3)alkyl, 

15 hydroxy(C,-C3)alkyl, (C,-C5)alkylthio(C^-C3)alkyl, amino(C,-C3)alkyl, (C,- 
C5)alkyiamino(C,-C3)alkyUC,-C5)dialkylamino(Ci-C3)alkyl{C,-C5)aJkoxy(C,-C3)al 
amino, (C^-C5)alkylamino, (C,-C5)dialkylamino» (C|-C5)alkyithio, azetidino, pyrrolidino, 
piperidino, piperazino, 4-(C,-C5)a!kylpiperazino, morpholino, thiomorpholino, 
oxothiomorphilino, dioxothiomorpholino, 4-oxoplpen'dino, 4-hydroxypiperidino, and 

20 unsaturated heterocycle, wherein said unsaturated heterocycle is defined as in R\ 
wherein said unsaturated heterocycle may optionally be substituted with from one to 
three substituents independently selected from the functionalities set forth in the 
definition of for the substituents on said unsaturated heterocycle; wherein said (C,- 
C7)alkyl may optionally be substituted with one to three substituents, said substituents 

25 being independently selected from halo, hydroxy, (C,-C5)alkoxy, (C,-Cg)alkoxy(C,- 
C3)alkyloxy, amino, (Ci-Cgjalkylamino, (C,-C5)dialkylamino, (Ci-Cgjalkylthio, azelidino, 
pyn-olidino, piperidino, piperazino, 4-(N)-(C,-C5)alkylpiperazino, morpholino, 
thiomorpholino, oxothiomorpholino, dioxothiomorpholino, 4-oxopiperidino, 4- 
hydroxypiperidino, and unsaturated heterocycle; wherein said unsaturated heterocycle 

30 is defined as in R^ ; wherein said unsaturated heterocycle may optionally be substituted 
with from one to three substituents independently selected from the functionalities set 
forth in the definition of R^ for the substituents on said unsaturated heterocycle; 

d) (R^E)-, wherein E is oxygen, -NH or -N(C,-C5)alkyl, and wherein Rg is (C,- 
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O 

II 

CyalkyI, 2^,2trifluoroethyl, R'(Cj-C4)alkyl, R'CCCj-CJalkyI, 
5 0 

R'C-N-(Cj-C«)alkyl, unsaturated heterocycle(C2-C4)alkyl, amino(C2-C4)alkyl, 
I 

1 0 (C,-C5)alkylamino(C3-C4)alkyl. {C,-Cs)dialkylamino(C,-CJalkyl, (C,-Cs)dialkylamino(C2- 
CJalkyl. (C,-C5)alkoxy(C2-C,)alkyl or hydroxyCCj-CJalkyI; wherein said unsaturated 
heterocycIe{Cj-C4)aIkyl is an unsaturated heterocycle moiety as defined in R'. wherein 
one of the ring atoms of said unsaturated heterocycle moiety of said unsaturated 
heterocydeCCj-CJalkyl so defined Is substituted with (Cj-C4)a)kyl; wherein said 

15 unsaturated heterocycle(Cj-C4)alkyl may optionally be substituted on any of the ring 
atoms with from one to three substituents independently selected from the 
functionalities set forth In the definition of R' for the substituents on said unsaturated 
heterocycle; 

R' is azetidino. pyn-olidino, piperidino. piperazino, 4-(N)-(C,-C5)alkylpiperazino, 
20 thiomorpholino. oxothiomorpholino, dioxothiomorpholino or morpholino; 
A Is carbonyl or suifonyl; 

D Is NH, N(C,-C5)alkyl, CHj, oxygen, CH(OH), or CH-0-(C,-Cs)alkyl; 
X is proline, 2-piperidlnecarboxylic acid or 2-azetidinecarboxylic acid, wherein 
said proline, 2-piperidinecarboxyllc acid and a-azetidinecarboxylic acid may optionally 
25 be substituted with one or two substituents, said substituents being independently 
selected from bromine, chlorine, fluorine, (C,-C5)alkyl, (C,-C3)alkoxy. oxo, and hydroxy: 

O 

Y is BFj, B(OM)j, -C-Z or -C(0H)2Z, wherein M is hydrogen, or (C,-C5)alkyl, 
30 wherein the two M substituents may optionally fonn, together with the boron atom and 
the two oxygen atoms to which they are attached, a saturated heterocyclic ring 
containing the boron atom, 2 oxygen atoms and 2 or 3 carbon atoms, and wherein any 
of the carbon atoms of said heterocyclic ring may optionally be substituted with one or 
two (C,-C5)alkyl groups; 
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0 0 0 

11 II II 

Z is selected from CF-R", CFaC-N-R", •C-N•R^^ OO-R^^ or a 

I i 

5 R'* R" 

heterocycle selected from 2-oxazolyl, 2-thia2olyl, 2-lmldazolyl, 2-thienyl. 2-furyl, 2- 
pyrrolyl, 5-tetra2oIyl, 2-benzothiazolyl, 2-ben2oxazolyl, 2'benzimidazolyl» 2-ben2ofuryl, 
2-benzothienyl and 2-indolyl; wherein said heterocycle may optionally be substituted 
1 0 with one to three substituents, said substituents being independently selected from (C^- 
C3)alkoxy, bromo, 

O O 

II II 

chloro, fiuoro, (C^-C3)alkyl, hydroxy, amino, nitro, cyano, -C0(C,-C5)alkyl, -CNH^, 

15 

fomnyl, (C,-C5)aIkylthio, (C,-C5)a!kylamino, -CFj, (C^-CJalkyl-SOj-.trifluoromethyl, and 
(Cf-C5)dialkylamino; 

R" is hydrogen, fluorine, (C,-C5)alkyl, (C,-C8)perfluoroalkyl, amino (C,-C6)alkyl. 
(C,-C5)a!kyIamino(C,-C5)alkyl. di(Ci-C5)alkylamino(Ci-C6)alkyl, {Ci-C5)aIkoxy(C,-C5)- 
20 alkyi or hydroxy(C^-C5)alkyl; 

R^^ and R^^ are independently selected from hydrogen. (C,-Cg)alkyl, (C3- 
C5)alkenyi. and R^CCj-CJalkyl. wherein R^ is defined as dbo\/e; 

with the proviso that (a) no carbon alpha to a ring nifrogen in the substituent R^ 
may be directly bonded to a halogen, oxygen or nitrogen substituent, (b) when X is 
25 substituted proline, 2-piperidinecarboxylic acid or 2-azetidinecarboxylic acid, then no 
fluorine, 0x0, (C,-C3)alkoxy or hydroxy substituent is present on either of the ring 
carbon atoms adjacent to the nitrogen atom of said proline, 2-piperidinecarboxylic acid 
or 2-azetidinecarboxylic acid, and (c) the compound of formula I can not be defined as 
a compound wherein n is one, R' is phenyl, R^ is phenyl(C,-C2)alkyl, R^ is (R^E)- 
30 wherein E is oxygen and R^ is (C,-C5)alkyl, A is carbonyl, D is NH, X is proline and Y 
is B(0M)2. 

Prefenred compounds of formula I are those wherein: 
n is 1; 

R^ is phenyl or {C3-C7)cycloaIkyl, wherein said phenyl or (C3-C7)cycloalkyl may 
35 optionally be substituted as defined in R^ of formula I above; 
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R3 is (C,-C5)alkyl, hydroxy(Ci-C5)alkyl, (C^-C5)alkoxy(C,-C2)aIkyl, (C,- 
C5)alkyIthio{C,-C2)alkyl, phenylmethyt, 4-imida2oly!methyl or4-thiazolyImethyl; wherein 
any of the carbon atoms of said (C,-C5)alkyl may optionally be substituted with one or 
more fluorine atoms; and wherein from one to three carbon atoms of the phenyl moiety 
5 of said phenylmethyt may optionally be substituted with any of the functionalities set 
forth in the definition of of formula I for the substituents on said phenyl; 

is selected from the functionalities listed In groups (a)*(d) below: 

a) piperidino, pyrrolidino,3-azabicyclo[3.1 .0]hex-3-yl and azetidino; wherein 
the nitrogen in the 4-posltibn of said piperazino may optionally be substituted with any 

10 of the functionalities set forth in the definition of R^(a) of formula I for the substituents 
on the nitrogen in the 4-position of piperazino; wherein any of the ring carbon atoms 
of said piperazino, piperidino, pyrrolidine, 3-azabicyclo[3.1 .0]hex-3-yl and azetidino may 
optionally be substituted with one or two substituents, said substituents being 
independentiy selected from (C,-C5)aJkyl, amino (C|-C3)alkyl, {C,*C5)aikyiamino(C,- 

15 C3)alkyl,(C,-C5)diaIkylamlno(C,-C3)alkyl,hydroxy,oxo(0==),(C|<;5)aIkoxy(C,^^^ 

amino, (C,-C5)alkylamino, (C,-Cs)dialkylamino, azetidino, pyn^olidino, piperidino, 
piperazino, 4-N-(C,*C5)aIkylplperazino, morpholino, and unsaturated heterocyde; 
wherein said unsaturated heterocyde is as defined in R^; wherein said unsaturated 
heterocyde may optionally be substituted with from one to three substituents 

20 independentiy selected from the functionalities set for in the definition of R^ of formula 
I for the substituents on said unsaturated heterocyde; 

b) morpholino optionally substituted with one or two substituents, said 
substituents being independentiy selected from (C,-C5)alkyl, amino(C,-C3)alkyl, (C|- 
C6)alkylamino{Ci-C3)alkyl, and {C,-C6)dialkylamlno(C,-C3)alkyl; 

25 c) (C,-C7)alkyl and (C3-C7)cydoalkyl; wherein said (C,-C7)alkyl may 

optionally be substituted with from one to three substituents, said substituents being 
independently selected from amino, (C,-C5)alkylamino, (C,-C5)dialkyiamino, azetidino, 
pyrrolidine, piperidino, piperazino, 4-N-(C)-C5)alkylpiperazino and morpholino; wherein 
said (C3-C7)cycloalkyl may optionally be substituted witii one to three substituents, said 

30 substituents being independentiy selected from amino, (C,-C5)alkylamino, (C^* 
C5)dialkylamino, amino(C^.C3)alkyl, (C^-C5)alkylamino(C,.C3)aIkyl, (C,- 
C5)dialkylamino(Ci-C3)alkyl, azetidino, pyn^olldino, piperidino, piperazino, 4-N-(C,- 
C5)alkylpiperazino, morpholino and unsaturated heterocyde, wherein said unsaturated 
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heterocycle is as defined above in of formula I; wherein said unsaturated heterocycle 
may optionally be substituted with from one to three substituents Independently 
selected from the functionalities set forth In the definition of R' of formula I for the 
substituents on said unsaturated heterocycle; 
5 d) (R^E)-, wherein E is oxygen or -N{C,-C5)aIkyl, and wherein R» Is (C,- 

C5)alkyt, 2-{pyridyl)ethyl, di(C,-C5)alkylamlnoethyl. di(C,-C5)alkylamlnopropyl, 2- 

O O 

II II 
(R'C)ethyl or 2-[R'CN(C,-C5)alky!]ethyl; 

10 R' is azetldino, pyrrolldino, piperidino, piperazino, 4-N-(C,-C5)alkylplperazlno, 

thiomorpholino, oxothiomorphotino, dioxothlomorphollno or morpholino; 
A Is carbonyl or suifonyl; 
D is NH, CHj or oxygen; 
X is proline; 

15 O 

B 

Yls-C-Zor -C(OH)jZ; 

O O 

20 II II „ 

Z is CF3, COS''. -C-N-R'^ -CFjCN-R". 

I I 

or a heterocycle selected from 2-oxa20lyl, 2-benzoxazoIyl, 2-thia2olyl. 2-benzothla2oly!, 
25 2-furyl, 2-ben2ofuryl, 2-thienyl and 2-ben20thlenyl; wherein said 2-oxa2olyl. 2- 
benzoxazolyl, 2-thiazoIyI, 2-benzothia2olyl, 2-furyl, 2-ben2ofuryl, 2-thienyl and 2- 
benzothienyl may optionally be substituted with from one to three substituents 
independently selected from (C,-C3)alkoxy, bromo, 

O O 

30 II II 

chloro. fluoro, (C,-C3)alkyl, hydroxy, amino, nitro, cyano, -C0(C,-C5)alkyl, -CNHj, 

formyl. (C,-Cs)alkylthio. (C,-C5)alkylamlno. .CF3. (C,-C,)alky|.SOj-.trlfluoromelhyl, and 
(C,-C5)diaIk^amlno; 

35 R" and R" are independently selected from hydrogen. (C,-C9)alkyl, (C,- 

C5)alkenyl. and R'CC^-CJalkyl. wherein R' is defined as above; 

vnth the proviso that (a) no carbon alpha to a ring nitrogen in the substituent R* 
may be directly bonded to a halogen, oxygen or nitrogen substituent, (b) wrtien X is 
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substituted proline, then no fluorine, oxo, (C,-C3)alkoxy or hydroxy substituent is 
present on either of the ring carbon atoms adjacent to the nitrogen atom of said 
proline, and (c) when E is oxygen is (C,-C5)all<yl; and (d) when E is N(C,-Cg)all<yl, 
is selected 

from 2-(pyridyl)ethyl, dl{C,-C5)alkylaminoethyl, di(C,-C5)alkylaminopropyt, 2-(R'C)ethyl 
O 

10 II 

and 2-IR'CN(C,-C8)aIkyl]ethyl. 

More preferred compounds of fomiula I are the foregoing prefen-ed compounds 

wherein R^ is cyclohacyl or phenyl; R' is (C,-C5)alkyl, phenylmethyl, 4-imidazolylmethyl, 

or 4-thia20lylmethyl; 

15 R* is piperazino, 4-N-(C,-C5)aIkylpiperazlno. morpholino, piperidino, 3- 

a2abicyclo[3.1.0Jhex-3-yl, 2-(C,-C5)dialkylamino{C,-C3)aIkylmorpholino, or (Cj- 
C,)cycloalkyl; wherein said piperidino and 3-a2ablcycloI3.1 .0]hex-3-yl may optionally 
be substituted with one or two substituents, said substituents being Independently 
selected from (C,.C5)alkyl, amino{C,-C3)alkyl, {C,-Cs)alkylamlno(C,-C5)alkyl. (C,- 

20 C5)dialkyiamino(C,-C3)alkyl. hydroxy, oxo. (C,-C5)alkoxy. (C,-C5)alkoxy{C,-C3)alkyloxy, 
amino, (C,-C5)alkyIamino, (C,-C5)dialkylamino. azetidino, pyrrolidine, piperidino, 
piperazino, morpholino, 4-N-(C,-Cs)alkylpiperazino and unsaturated heterocyde; 
wherein said unsaturated heterocyde is as defined in R' of formula I; wherein said 
unsaturated heterocyde may optionally be substituted with one to three substituents 

25 independently selected from the functionalities set forth in the definition of R' of formula 
I for the substituents on said unsaturated heterocyde; wherein said (C3-C7)cydoalkyl 
may optionally be substituted with from one to three substituents, said substituents 
being independently selected from hydroxy, oxo (=0), (C,-C5)alkoxy. amino, (C,- 
CB)alkylamino, (C,-C5)dialkylamjno, amino(C,-C,)alkyl, {C,-C8)alkylamino(C,-C3)alkyl, 

30 (C,-C5)dialkylamino(C,-C3)alkyl, azetidino, pyrrolidino, piperidino, piperazino, 4-N-(C,- 
Cs)piperazlno, morpholino, and unsaturated heterocyde; wherein said unsaturated 
heterocyde is as defined In R' of fomnula I; wherein said unsaturated heterocyde may 
optionally be substituted with one to three substituents independently selected from the 
functionalities set forth in the definition of R' of fonnula I for the substituents on said 

35 unsaturated heterocyde; 
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A Is carbonyl or sulfonyl; 
D Is NH, CHj or oxygen; 
X is proline; 

O 

II 

Yls-C-Zor-C(OH)2Z: 

O O 

II 11 
Z is CFj. COjR", -C-N-R". -CF^CN-R", 

or a heterocycle selected from 2-oxazolyl, 2-benzoxa2olyl, 2-thiazolyl. 2-benzothia2olyl. 
15 2-furyI. 2-benzofuryI. 2-thtenyl and 2-ben2othlenyl; wherein said 2-oxa2olyl. 2- 
benzoxazoly!, 2-thla2oly!, 2-benzothiazolyl. 2-furyl. 2-benzofuryl. 2-thienyl and 2- 
benzothlenyl may optionally be substHuted with from one to three substituents 
independently selected from (C,-C3)alkoxy, bromo, 

O 0 

20 n II 

chloro, fluoro. (C,-C3)all<yl, hydroxy, amino, nitro, cyano, -C0(C,-C5)alkyl, -CNHj, 
formyl, {C,-Cs)alkylthio. {Cj-Cgjalkylamino. -CFj, (C.-C^jalkyl-SOj-, trifluoromethyl, and 
(C,-Cs)dialkylamino; 

25 R" and R" are independently selected from hydrogen, (C,-C5)alkyl. {C3- 

CB)alkenyl, and R'{Cj-C4)alkyl. wherein R^ is defined as above; 

with the proviso that (a) no carbon alpha to a ring nitrogen in the substituent R* 

may be directly bonded to a halogen, oxygen or nitrogen substituent.and (b) when X 

is substituted proline, then no fluorine. 0x0. {C,-C3)alkoxy or hydroxy substituent Is 
30 present on either of the ring cariaon atoms adjacent to the nifrogen atom of said 

proline. 

Specific preferred compounds of Formula I are: 

N.[(1.1-dimethylethoxy)carbonylJ-L-a!anyl-N-[2,3-dioxo-3-methoxy-1- 

(phenylmethyl)propyl]-L-prolinamide; 
35 N-[(1,1-dimethyethoxy)carbonyll-L-valyl-N-[2,3-dioxo-3-methoxy-1- 

(phenylmethyl)propyl]-L-prolinamide; 

N.[4.{N-methylamino]piperidine-1-carbonyl]-L-valyl-N-[3,3.3- 

trifluoro-2-oxo-1(S)-{phenylmethyl)propyll-L-prolinamide hydrochloride; 
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N-[4-IN-methylamino]piperidine-1-^arbonyl]-L-valyl-N-[3,3,3-trifluoro-2-ox^ 
1 (S)-(phenylmethyI)propyl]-L-prolinamide hydrochloride; 

N-[4-[N-methylamino]piperidine-1-carbonyll-L-valyl-N-[2,3-dioxo-3-l- 
methylethoxy-1 (S)-{phenylmethyI)propyI]-L-prolinamide hydrochloride; 
5 N-[4-[N-methylamino]piperidine-1-carbonyI]-L-vaIyI-N-[2,3-dioxo-3-1- 
methylethoxy)-1 (S)-{phenylmethyl)propyl]-L-prolinamIde hydrochloride; 

N-{4-oxopiperidine-1 -cariDonyl)-L-phenylalanyl-N-[2,3-djoxo-3-((1 -methyl)ethoxy)- 
1 -(phenylmethyl)propyl]-L-prolinamider and 

N-(4-oxopiperldine-1-carbonyl)-L-phenylaIanyl-N-[2.3-dioxo-3-{(1-methyl) 
1 0 ethoxy)-1 (S)-(phenylmethyl)propyl]-L-pro!inamlde. 

The present invention also includes compounds of formula I wherein 

a) R* is [la, 5a. 6a]-6-(dimethylamino)-3-azabicyclo[3.1.0]hex-3-yl, A is 
carbonyl. D is NH, is isopropyl, X is proline, Y is C{=0)2 wherein Z is CF3, n is 1 
and R^ is phenyl; 

15 b) R* is 4-methylpiperazin-1-yl, A is carbonyl, D is NH, R^ is isopropyl, X is 

proline, Y is C(=0)Z wherein Z is CF3, n is 1 and R' is phenyl; 

c) R* is 4-methyl-l-piperazinyl, A is sulfonyl, D is CH2, R^ is isopropyl, X is 
proline, Y is C{=0)Z wherein Z is CF3, n Is 1 and R^ is phenyl; 

d) R* is 4-(dimethylamino)piperidin-1-yl. A is CO, D Is NH. R^ is isopropyl, 
20 X is proline, Y is C(=0)Z wherein Z is CF3, n is 1 and R^ is phenyl; 

e) R* is 4-(methyiamino)piperidin-1-yl, A is cariaonyl, D is NH. R' is 2-butyl, 
X is proline, Y is C(=0)Z wherein Z is CF3, n is 1 and R' is phenyl; 

f) R* is 4-(methylamino)piperidln-1-yl, A is carbonyl. D is NH, X is proline. 



Y is ^ 



, n is 1 , R^ is isopropyl and R^ is phenyl; or 



25 g) R^ is 4-(methylamino)piperidin-1-yl, A is carbonyl, D is NH. R^ Is 

isopropyl, X is proline, Y is -BFj, n is 1 and R^ is phenyl; 

The present invention also includes a method of treating or preventing a disease 
selected from hypertension, cardiac and left ventricular hypertrophy, coronary artery 
disease pncluding myocardial infarction, vascular hypertrophy, and vascular damage 



I t 
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such as restenosis following angioplasty or aetheroma), diabetic renal disease, and 
non-diabetic renal disease comprising administering to a mammal, preferably a human, 
in need of such treatment a chymase inhibiting effective amount of a chymase inhibiting 
compound , or pharmaceutically acceptable salt thereof. 
5 The present invention also includes a pharmaceutical composition for treating 

or preventing a disease selected from hypertension, cardiac and left ventricular 
hypertrophy, coronary artery disease (including myocardial infarction, vascular 
hypertrophy, and vascular damage such as restenosis following angioplasty or 
aetheroma), diabetic renal disease, and non-diabetic renal disease comprising a 

10 chymase inhibiting effective amount of a chymase inhibiting compound, or a 
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier* 

The present invention also includes a method for treating or preventing a 
disease selected from hypertension, cardiac and left ventricular hypertrophy, coronary 
artery disease (including myocardial infarction, vascular hypertrophy, and vascular 

1 5 damage such as restenosis follov^ng angioplasty or aetheroma), diabetic renal disease, 
and non-diabetic renal disease which comprises administering to a mammal, preferably 
a human, In need of such treatment an amount of a compound of the formula I or a 
pharmaceutically acceptable salt thereof, that is effective in treating or preventing such 
disease. 

20 The present invention also includes a pharmaceutical composition for treating 

or preventing a disease selected from hypertension, cardiac and left ventricular 
hypertrophy, coronary artery disease (including myocardial infarction, vascular 
hypertrophy, and vascular damage such as restenosis following angioplasty or 
aetheroma), diabetic renal disease, and non-diabetic renal disease comprising an 

25 amount of a compound of the formula I that is effective in treating or preventing such 
disease, or a pharmaceutically acceptable salt thereof, and a pharmaceutically 
acceptable carrier. 

The present invention also includes a method for treating or preventing a 
disease selected from hypertension, cardiac and left ventricular hypertrophy, coronary 
30 artery disease (including myocardial infarction, vascular hypertrophy, and vascular 
damage such as restenosis following angioplasty or aetheroma), diabetic renal disease, 
and non-diabetic renal disease which comprises administering to a mammal, preferably 



I I 
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a human, in need of such treatment a chymase inhibiting amount of a compound of the 
fomiula I or a pharmaceutically acceptable salt thereof. 

The present invention also includes a pharmaceutical composition for treating 
or preventing a disease selected from hypertension, cardiac and left ventricular 

5 hypertrophy, coronary artery disease (including myocardial Infarction, vascular 
hypertrophy, and vascular damage such as restenosis following angioplasty or 
aetheroma), diabetic renal disease, and norMliabetic renal disease comprising a 
chymase inhibiting amount of a compound of the fonnula I, or a pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable earner. 

10 Preferred compositions comprise the foregoing pretended compounds. 

The pharmaceutically acceptable salts of the present invention are those which 
are non-toxic at the dosages administered. Since compounds of the invention may 
contain acidic or basic groups, acid or base addition salts are possible. 
Pharmaceutically acceptable acid addition salts include, for example, the hydrochloride, 

15 hydrobromide. hydroiodide, sulfate, bisulfate, phosphate, acid phosphate, acetate, 
lactate, maleate. mesylate, fumarate, citrate, acid citrate, tartrate, bitartrate, succinate, 
gluconate and saccharate salts. Pharmaceutically acceptable base addition salts are 
for example sodium, potassium, calcium and magnesium salts. 

All the natural amino acids contained in the structures of the compounds of the 

20 present invention are of the L configuration, the naturally occurring configuration, unless 
otherwise noted. 

Unless othenwise indicated, the term ■alkyl", as used herein, may be straight or 
branched. Thetemns ■di(C,-C5)alkyIamino or di(C,-C7)alkylamino', as used herein, refer 
to two alkyi groups independently selected from {C,-C5)alkyl or (C^-C7)alkyl. 
25 Detailed Description of the Invention 

The compounds of the formula I may be prepared as described in the following 
reaction schemes and discussion. Unless othenwise indicated R\ R^, R*. A, D, X, Y, 
Z and n in the reaction schemes and discussion that follow are defined as above. 



I 
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Scheme 1 



(CH2)„-R^ 
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Scheme 2 
R3 



10 



R'*-fi-D 




X 



15 



VI 



20 
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Scheme 3 



Ri<CH2)„-CH2N02 + Z-C-OCHgCHs 

I 

OH 

IV , III 



10 



15 



20 



I I 
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RkCH2)n 
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Scheme 4 
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Scheme 5 



XII 



10 




XIV 



(CH2)„-R^ 




20 
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Scheme 6 



r3 



10 



1 



,6 R^-fl-D^COjR" XVI 

- i 
XI 

20 
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6-fl-D COgR" ► R4-R-D COgR'^ 

10 XVII XVI 
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I 

Scheme I refers to the synthesis of compounds of formula I wherein Y is -C-Z. 
5 These compounds are prepared from compounds of formula VIII. The basic sub-unit 
of the prefered chemical synthesis is the coupling or acylation of the unprotected 
amino group of the amine residue of a compound of fomnula VIII with an amino acid 
(e.g., proline) having an activated (for acylation purposes) carboxylic function and a 
suitable protecting group bonded to its own alpha-nitrogen to form a peptide bond 

1 0 between the two amino acid residues, followed by the removal of said protecting group. 

Such a coupling reaction is generally conducted at a temperature of about -30 
to about 80 °C, preferably about 0 to about 25 °C. Examples of suitable coupling 
reagents v\rhich activate the carboxylic functionality of the amino acid are 
dicydohexylcarbodiimide/hydroxybenzotriazole (HBT), N-3-dimethylaminopropyl-N- 

15 ethylcarbodiimide/HBT. 2-ethoxy-l-ethoxycarbonyl-l .2-dihydroquinoline (EEDQ), 
carbonyl dilmldazole {CDI)/HBT, and diethylphosphorylcyanlde. 

The coupling is conducted in an inert solvent, preferably an aprotic solvent. 
Suitable solvents include acetonitrile. dichloromethane, chlorofomi, and 
dimethylformamide. The prefen^ed solvent is dichloromethane. 

20 For a discussion of other conditions used for coupling peptides see Houben- 

Weyl, Vol. XV, part II, E. Wunsch, Ed.. George Theime Verlag, 1974, Stuttgart, and 
those described In M. Bodanszky. Principles of Peotide Svnthesis . Springer-Veriag. 
Beriin (1984) and The Peptides. Analvsis. Svnthesis and Bioloqv (ed. E. Gross and J. 
Melenhofer), Vols 1-5. (Academic Press. New Yori^) 1979-1983. 

25 The coupling product of fonnula VII, wherein R* is any of the suitable protecting 

groups commonly used for amino group protection in peptide synthesis (Examples of 
such groups are carbobenzyloxy and t-butoxycarbonyl groups), is deprotected using 
conventional methods to provide a compound of fonnula VII wherein R* is hydrogen. 
For example: 

30 (a) If the protecting group, of the compound of the formula VII is 

carbobenzyloxy. the latter may be removed by hydrogenation with a noble metal 
catalyst such as palladium or palladium hydroxide on carbon in the presence of 
hydrogen. The hydrogenation is generally conducted at a temperature of about 0 to 
about 100°C, preferably about 20 to about SO^C, 
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(b) If the protecting group, R'. is t-butoxycarbonyl group, such group may 
be removed by acidolysis. Acidolysis may be conducted with HCi in dioxane or with 
neat trifluoracetic acid at a temperature of about -30 to about 70° C. preferably about - 
5 to about 35<>C. 

5 (c) If the protecting group, R*. Is 9-fluorenylmethylenoxycarbonyl, such group 

may be removed by treatment with an amine base, preferably piperidine. This reaction 
may be mn In piperidine as solvent at lO^C to about 100°C. preferably at 25^0. 

The compounds of formula VII (R* is hydrogen) are converted to compounds of 
formula VI by coupling, as described above, with an intermediate of the formula R*-A-D- 

10 CH(R^)C02H (formula XI). 

The compounds of formula VI are oxidized to compounds of formula I by 
methods commonly known to those skilled In the art. Examples of oxidation reactions 
are the Swern oxidation and variants thereof, chromium based oxidations (preferably 
pyridinium dichromate), Pfitzner-Moffatt and modified variants thereof, and the Dess- 

15 Martin periodinane oxidation. A preferred method, to fonn the compounds of formula 
I, wherein Y is not COCF3, uses a Swern oxidation involving treatment of the alcohol 
of formula VI with oxalyl chloride, dimethyl sulfoxide and triethylamine in methylene 
chloride. In some cases, up to 10-20 equivalents of oxidizing agent is pretended. 

For all Z and especially when Z Is -CF3, the more prefen-ed oxidant is the Dess- 

20 Martin periodane. Four equivalents of 1,1.1,-triacetoxy-2.1-benzoxiodol-3(3H)one is 
added to a dry solution of the peptide in a non polar solvent such as dichloromethane 
and the mixture is stirred for a period of one to twenty-four hours. This procedure is 
described below as General Procedure C. 

It will be understood that certain compounds of formula I contain tertiary amine 

25 functionality in the R4, R3, or R, moieties which, if present in a compound of fomriula VI 
could Interfere with or be chemically reactive in the above-cited oxidation step which 
fonns a compound of fomnula I. In such cases the Swern oxidation or modifications 
thereof, or Pfitzner-Moffatt oxidation, or modifications thereof are the prefen-ed methods 
of oxidation, except for compounds wherein Z is CF3. 

30 It will also be understood that some compounds of formula I contain primary or 

secondary amine functional groups in the R4, R3 and R, moieties, and that during the 
synthesis of such compounds of formula I that this functionality is protected where it 
is present, in the R4, R3 or R, moieties of the intemDediates of the formula II, IV, V, VI. 
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VIII, XI, XV or XVL Suitable protecting groups for this purpose are tliose suitable 
protecting groups connmonly used for annino group protection in peptide synthesis 
(such as N-tert-butoxycarbonyl. N-carbo-benzyloxy, and 9-fluorenylmethylenoxy- 
carbonyl) which are also not chemically reactive under the coupling, protection and 

5 deprotection, or oxidation conditions described or referred to for the synthesis of 
compounds herein (for example, the oxidative conditions employed to convert the thus- 
protected Intermediate of fonnula VI to the thus protected intemnediate of formula I). 
The thus-protected intermediate of formula I is deprotected to the compound of formula 
I wherein the protecting group has been replaced by hydrogen. Methods are 

10 commonly known to those skilled in the art and are described as above. Examples 1 9 
and 20 contained below illustrate the synthesis of such a secondary amine-containing 
compound of formula I wherein the intermediates of formula V and VI are employed 
having a methylamino functionality protected with the N-tert-butoxycarbonyl protecting 
group which is removed by treatment with HCI-dioxane to give a compound of formula 

15 I. 

Ail compounds of formula I containing a tertiary amino functionality, in R4, R3, 
or Rv Including such compounds wherein Y Is COF3, can also be prepared by reductive 
amination of a compound of formula I having secondary amine functionality at the 
con-esponding position of R4, R3, or R,. with an appropriate carbonyl compound. A 

20 suitable procedure for this reductive alkylatlon Is the addition of the appropriate 
carbonyl compound (1 to 100 equivalents) to a mixture of the compound of fomnula I 
having a secondary amine funcKonaltty, sodium cyanoborohydride (1.4-2 equivalents), 
and powdered 3 angstrom (A) molecular selves in absolute methanol at 0-50°C, 
preferably at 20-25*>C. It will be clear to one skilled In the art tiiat amino, alkylamino, 

25 and dialkylamino substituted compounds of the formulae VI, V and C-terminally 
protected compounds of fonnulae V. XVI and XI including tt^e property protected 
variants thereof as described herein may be synthesized from the corresponding 0x0- 
substituted compounds, by reductive amination of the latter with a salt of ammonia 
(e.g., NH4CI), an alkylamine, or a dialkylamlne according to methods familiar to those 

30 skilled In the art, such as Is illusti-ated for the conversion of an oxo-substituted 
compound of fonmula V to tiie corresponding methylamino-substituted compound of 
formula V by reductive amination with methylamine in Example 19a. and conversion of 
the latter to a suitably protected R* amine-containing compound of formula V in 
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Example 19b. Thus, this reductive amination/protection method can be used not only 
for the synthesis of C-tenninally protected compounds of formula V, but also for the 
synthesis of amine-contalning compounds of formula VI, C-terminally unprotected 
compounds of formulae V, XI, and XVI and the properly N-protected variants thereof 
5 wherein the primary or secondary amine functionality is protected with one of the 
groups commonly employed for amine protection. Conditions for the introduction and 
removal of such groups are summarized by Greene In "Protecting Groups in Organic 
Synthesis', Wiley. NY, 1981. 

Alternatively, compounds of formula VI may be synthesized as shown in Scheme 

10 2, wherein a compound of fomriula XI is first coupled by standard peptide coupling 
methods referred to above to a C-terminally protected o-amino acid X such as, for 
example, proline benzyl ester to give a C-tenDinally protected compound of formula V. 

Suitable protecting groups are those commonly used for carboxyl group 
protection In peptide synthesis. Examples of such groups are benzyl ester and t-butyl 

15 ester groups. The C-tenninally protected compound of the formula V is deprotected 
using conventional methods to provide the C-termina!ly unprotected compound of 
formula V. For example: 

(a) If the carboxyl group of the compound of the formula V is protected as 
a benzyl ester, the latter may be removed by hydrogenation with a noble metal catalyst 

20 such as palladium on carbon In the presence of hydrogen. The hydrogenation is 
generally conducted at a temperature of about 0 to about 100«>C, preferably about 20 
to about 50°C. 

(b) If the carboxyl is protected as a t-butyl ester such group may be 
deprotected by acidolysis. Acldolysis may be conducted with HCI in dioxane or with 

25 neat trifluoracetic acid at a temperature of about -30 to about 70°C, preferably about - 
5 to about SS^C. 

(c) If the carboxyl protecting group Is an alkyi ester, the group may be 
removed by basic hydrolysis. Basic hydrolysis may be conducted with a suitable base 
(e.g., sodium hydroxide) at a temperature of about -30 to about 120°C, preferably 

30 about 0 to 80° C. The solvents used for removal of the protecting group should be inert 
solvents. 

Suitable and preferred solvents are as described for the deprotectlon in Scheme 
1. The C-terminally unprotected compounds of the formula V so formed are then 
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coupled with a compound of the formula VIII, from Scheme I by conventional peptide 
coupling reactions as described above (e.g.. Procedure A described below^) to yield 
compounds of the fomiula VI. 

Scheme 3 refers to the synthesis of compounds of formula VIII wherein Z is CF3. 

5 Compounds of fonnula VIII can be prepared from compounds of formula II. 

Compounds of fomnula II are prepared by Henry condensation (McBee, E.T., et 
al. .1 Amar Chem. Soc. 78:4053 (1956) of an appropriate nitroalkane of fomnula 
RMCH2)„CHjN0j (prepared by standard methods ff not othenwise available) with 
trifluoroacetaldehyde ethyl hemiacetal of the formula CF3CH(OH)OCH2CH3 to provide 

10 a nitroalcohol of fomiula II which is obtained as a mixture of two racemlc diastereomers 
[(2(RS), 3(RS) and [2(RS), 3(SR)]) (For example, see Example No. 18b). Caution! 
Similar compounds are reported to explode If distilled (EP 5.055.450). Reduction of the 
nitro group in a compound of formula II with an appropriate reducing agent affords a 
compound of formula VIII as a mixture of two racemic diastereomers ([2(RS),3(RS)1 

15 and [2(RS).3(SR)]). (For example, see Example 18c). This amine or rts satt is used 
directly for further synthesis. 

Alternatively, compounds of formula VIII wherein Z is CF, can also be prepared 
by the method of Kolb et. al. (Uebings Ann. Chem. 1990. 1-6) as adapted by Peet et 
ah (J. Med. Chem. 1990, 33. 394-407) which Involves a) dehydration of an N-aroyI (e.g. 

20 N-benzoyI) amino acid derivative (Aryl)-CONH-CHCOjH with acetic anhydride, to 

(CH,)„-R' 

form an intermediate oxazolone, b) trifluoroacetylation of the resulting oxazolone with 
25 trifluoroacetic anhydride, c) dicarboxylation of this trifiuoroacetyloxazolone wHh oxalic 
acid, d) reduction of tiie resulting trifluoromethyl ketone-(Aryl) C0NH-CH(CHj)„C0CF3 

(CHj)„-R' 

to the corresponding aroylaminotrifluoromethyl carbinol, and e) hydrolysis of this 
30 product to a compound of formula Villi wherein Z is CF,. The instant step e) above is 

illustrated in Example 14a. 

Compounds of fonnula VIII wherein Z is difluoromethyl,(C,-Ce)perfluoroalkyl 
CFj(C,-C5)alkenyl and CF2(C,-C5)alkyl are also prepared by this method. The 
oxazolone described in the instant step b) above is acylated with difluoroacetic an 
35 anhydride of the fonnula [(C,-C5)alkenylCFjC01,0 as described by Kolb (ibid., above), 
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an anhydride of the formula [(C,-C5)alkylCFjC0] jO or an anhydride of the formula [(C,- 
Cj)perfIuoroalkylC01jO. These intermediates are converted to compounds of formula 
VIII by the above-cited steps c) and d) as described by Kolb, and hydrolyzed according 
to the method of example 14A. 

5 Compounds of formula Vlil wherein Z is CO,(C,-CB)alkyl are prepared as shown 

in Scheme 4. Alpha-amino acids of fomriula X or N-protected analogs thereof If not 
commercially available may be prepared by the Strecker synthesis from an aldehyde 
of the formula R' {CH2)„CH0 or by any of many Irterature methods, familiar to one skilled 
in the art, and esterified and protected with a suitable N-protecting group (as described 

1 0 above, eg. BOC or CBZ) to give a compound of fonnula Xa (R' is preferably methyl or 
ethyl). Many such compounds of formula Xa are also commercially available. 

Aldehydes of fonnula XII are readily prepared from protected o-amino esters of 
fonnula Xa by reduction vtflth dilsobutylaluminum hydride (DIBAH) or from analogous 
N-methoxymethylamides by reduction vi/ith lithium aluminum hydride (LAH). 

1 5 Aldehydes of formula XII may be converted to cyanohydrins of formula XIII by 

treating the aldehyde v\.ith a salt of cyanide, preferably potassium or sodium cyanide, 
in an aqueous solution vinth a cosolvent such as. tetrahydrofuran. ethyl acetate, or 
dioxane. 

The cyanohydrin of fonnula XIII so formed can be converted by alcoholysis to 

O 

a compound of formula VIII wherein Z is -C-0(C,-C6) alkyl. Alcoholysis of a 
cyanohydrin of formula XIII is typically carried out by treating the cyanohydrin with an 

25 alcohol of the fonnula alkyl(C,-CB)OH with of a proton source, preferably hydrogen 
chloride gas. The protecting group is then removed (if still present) by one of the 
methods described above to give a compound of fomnula Vlli. An Illustration of the 
sequence described above wherein Boc-phenylalanine methyl ester is converted to a 
cyanohydrin of fonnula XIII is found in U.S. Patent 4,668.769. 

30 An example of the conversion of a cyanohydrin of formula XIII to the 

corresponding methyl ester of fonnula VIII with removal of protecting group wherein R' 
is BOC is Example la. Other examples wherein this cyanohydrin is converted to a 
variety of lower alkyl esters of fomnula VIII are found in U.S. Patent 4.814.342. 



35 
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Compounds of formula VIII wherein Z is CONR" 

5 are prepared from compounds of fomiula VIII wherein Z Is C02(C,-Cs)alkyl by a) 
protection of the nitrogen group wHh a protecting group R», b) hydrolysis of the ester 
function with aqueous base as described above, c) coupling of the N-protected hydroxy 
add to an amine of the fonnula HNR"R'* or Its acid addition salt using standard 
peptide coupling methods described above (e. g. dicyclohexyl-carbodiimide/HBT). The 

10 protecting group R* is then removed by the methods of scheme 1 to yield the amide 
of formula VIII wherein Z Is -CONR"R". Examples of synthesis of amides of fonnula 
VIII by this sequence are reported In U.S. Patent 4,814,342. 

Alternatively, amides of formula VIII wherein Z Is -CON-R" may be 

15 R" 

prepared by heating the corresponding esters of fonnula VIII wherein Z is COjtC,- 
C5)alkyl with an excess of an amine of the formula R'^R^NH in a solvent such as a 
lower alcohol at 25-IOOoC, preferably in a closed system such as a stainless steel 

20 bomb. Suitable solvents are methanol, ethanol or isopropyl alcohol. 

Compounds of fomiula VIII wherein Z is CFjCONR'^R'' are prepared as outlined 
in Scheme 5. An aldehyde of formula XII is allowed to react with ethylbromodifluoro- 
acetate in the presence of zinc according to the procedures of Hallinan and Fried 
(Tetrahedron Lett. 1984, 25, 2301) orThairivongs etal. (J. Med. Chem. 1986, 29, 2080- 

25 7) or with ethyl bromodifluoroacetate, zinc, and titanium tetrachloride (Hoover, U.S. 
Patent 4,855,303) to yield a compound of fomnula XIV wherein Z is CF2C02(CjH5). The 
compound of fonnula XIV is then amidated by mixing with an amine of the fonnula 
R"R^'NH In a suitable polar, preferably protic, solvent such as ethanol or methanol to 
give a compound of formula XIV wherein Z is CF,CONR"R". Removal of the amine 

30 protecting group by the methods described in Scheme 1 yields the compound of 
fonnula VIII wherein Z is CF^CONR"R'^ 

Ahematively, the ester of fonnula XIV may be hydrolyzed to the corresponding 
acid wherein Z is CFjCOjH, and the latter amidated by coupling to an amine of fonnula 
by a standard peptide coupling method to give an amide of formula XIV (Z= 

35 CFjCONR,2R,3). which is then deprotected to yield a compound of fonnula VIII. 
Examples of the synthesis of such compounds by these methods can be found in 
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Example 12a, U.S. Patent 4,855.303, J. Med. Chem. 1992. 35, 2-14. and J. Med. Chem. 
1986, 29, 2080-7. By these methods, compounds of fomnula VIII wherein R^, n. and Z 
= CF2CONR12R13 as described herein may be prepared. 

Compounds of formula VIII wherein Z is a 2-substituted heterocycle or a benzo- 

5 fused 2-substituted heterocycle such as 2-thia2olyl or 2-benzothiazolyl as enumerated 
above are also prepared as described in Scheme 5. Thus, an aldehyde of fomriula XII 
is allowed to react with a 2-metaIlo heterocycle to fomn a compound of formula XIV 
wherein Z is a 2-substituted heterocyclic moiety. Suitable solvents are inert solvents, 
preferably ether or tetrahydrofuran. The 2-metaIlo heterocycle is preferably a 2-1ithio 

10 heterocycle and is obtained by treatment of the parent heterocycle with a suitable 
organolithium reagent, such as n-butyllithium, methyllithium, sec-butyllithium or tert- 
butyllithium. 2-Metallo heterocycles may be alternatively prepared by transmetallation 
of a 2-bromo or 2-iodo heterocycle with an organolithium reagent. Conditions for the 
fonnation and use of 2-metalIo-heterocyclic reagents are dependent on the particular 

1 5 heterocycle. Methods for the formation of 2-metalIo heterocycles are familiar to those 
skilled in the art. In general, the metallo heterocycle is formed and allowed to read 
with the aldehyde within 30 minutes at -TSoC. Conditions for the formation and 
reaction of various 2-substituted heterocycles are described in Organic Reactions 
(Volume 26). Specific applications of this reaction to the synthesis of compounds of 

20 formula XIV wherein Z is 2-thia2olyl or 2-ben20thia2oyl are Examples 3a and 1 3c herein. 
Compounds of fomiula XIV so formed are then converted to compounds of formula VIII 
by removing the protecting group by the methods described in Scheme 1, above. 

Parent heterocycles having a free NH such as imidazole, tetrazole. or indole are 
N-protected with an appropriate protecting group, such as 1-ethoxyethyl or 

25 trimethylsilylethyl prior to metallation of the heterocycle. Conditions for introduction and 
removal of these and other protecting groups suitable for this purpose are found in 
T. Greene "Protecting Groups in Organic Synthesis", Wiley, 1981. N.Y. 

Altematively, compounds of fonmula VIII wherein Z is substituted or 
unsubstitiited 2-benzoxazolyl or substituted or unsubstituted 2-oxa2olyl may be 

30 prepared from a cyanohydrin of fonnula XIII and an appropriate ortho-aminophenol or 
aminoethanol derivative, respectively, by the method of Edwards et. al. (J. Am. Chem. 
Soc. 1992. 114. 1854-1863). 
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The synthesis of compounds of fonnula I wherein Y is B(OM)2 is accomplished 
by coupling a compound of fomiula V with an aminoboronic acid ester of the fomnula 
NHjCHBCOMa). Compounds of the formula I wherein Y is B(0H)2 are synthesized 
I 

5 (CH,)„.R' 

from compounds of formula I wherein Y Is B(0M)2 (e.g. M+M equal to -CCCHa^CCCHa)^-) 
by reaction of the latter with diethanolamlne to yield a diethanolamine ester of formula 
I wherein Y is BCOM)^ having M+M equal to -CHjCHjNHCHjCHa-. followed by 

10 hydrolysis of the diethanolamine ester In the presence of the acid form of an Ion 
exchange resin. An example of the synthesis of an aminoboronic ester of formula XIV 
(wherein RHCHa)^ is phenylmethyl) and methodology described above for the synthesis 
of the con-esponding compound of fomiula I is described by Kettner et. al. (J. Biol. 
Chem. 1984, 259, 15106-15114). 

15 Kinder and Katzellenbogen (J. Med. Chem. 1985, 28, 1917-1920) report that 

acylamino boronic adds of the formula RCONHCH(R)B{OH), are converted to the 
difluoroboranes of the formula RC0NHCH{R)BF2 upon brief exposure to excess 
hydrogen fluoride (HF) in water and extraction with an organic solvent (such as ethyl 
acetate). Compounds of fomiula I wherein Y is BFj may be made by the same 

20 methods from the analogous compounds wherein Y is B(0H)2. 

Compounds of formula XI wherein A is CO; D is NH. O, or N(CrC5)aIkyi, and 
R* Is an N-linked moiety are prepared according to scheme 6. A carboxyl protected a- 
amino or hydroxy ester of the fomiula XV. is activated by treatment with a phosgene 
equivalent such as carbonyldiimidazole and condensed with an amine of the formula 

25 R*-H (or a protected analog thereof, if R* contains additional primary or secondary 
amine functionality) which is generally commercially available or can be readily 
prepared by literature methods familiar to one skilled in the art. The coupled product 
is then carboxyWeprotected as described above in Scheme 2 to give a compound of 
formula XI. An example of this sequence are Examples 10a and b. Alternatively a 

30 compound of fonmula XV may be directly activated with phosgene or trichloromethyl 
chloroformate to yield an isocyanate (Lombardino and Gerber, J. Med. Chem. 1964, 7, 
97-101). N-carbamoylchloride, or chloroformate derivative wherein D is NH, N-alkyI, or 
O, respectively, and condensed with amine or protected amine of the formula R'^H to 
yield a compound of the fomiula XVI. 
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Many compounds of formula XI wherein R*. A. D. and R' are as described 
Instantly above are known in the literature and have been prepared by one of these 
methods. Compounds of formula XI wherein R'. A, and D are as described above and 
R* contains a protected amine functionality suitable for the synthesis of a compound 
5 of formula I possessing a basic nitrogen atom In the R* moiety by the strategy outlined 
above are also known to those skilled in the art. For example. U.S. Patent 4,814,342 
describes the synthesis of intermediates of formula XI wherein R* Is morpholino. 4- 
oxopiperdino, piperazino. 4-fonnylplpera2ino. 4-methylpiperazlno. thiomorpholino or 
methylamino; A-D Is CONH and R' is phenylmethyl. Addrtionally. European Patent 
10 438.233 describes the synthesis of compounds of formula XI wherein R* is plperidlno. 
pyrrolidino. or azetidino optionally substituted with amino, alkylamino. dialkylamlno. 
alkylaminodialkyi, or dialkylaminoalkyl. wherein the amine functionality is suitably 
protected If necessary, and wherein A Is >C=0 and D Is oxygen or NH. Compounds 
of formula XI so fonned can be converted to compounds of fomnula I by the methods 
15 of Schemes 1 and 2. . This methodology as described In EP-438.233 Is suitable for 
the synthesis of other compounds of fonnula XI and XVI, by those skilled In the art. 
wherein R» is as described herein and D is oxygen or NH. according to Scheme 6. 
when the corresponding starting material of formula XV and amine or conresponding 
amine salt of formula R*-H (or appropriately protected derivative thereof) Is employed. 
20 European Patent 476.51 5 describes the preparation of a compound of formula 

XVI wherein R* Is 2-(2-pyridyl)ethyl(methyl)amino. A is carbonyl, D is NH. R3 is 
phenylmethyl and R" Is phenylmethyl by the methods of Scheme 6. 

Compounds of fonnula XVI wherein R* is a nrtrogen-linked substituent or a 
protected variant thereof, A Is cartjonyl or sulfonyl, and D Is NH. and R' and R" are as 
25 described herein may also be prepared according to Scheme 6. An {suitably protected) 
amine R*-H Is first activated by Its conversion to the Isocyanate or sulfamoyi chloride 
(In the case of primary amines), or to the cartjamoyi chloride or sulfamoyi chloride (In 
the case of secondary amines), and this derivative Is allowed to react with a compound 
of fonnula XV wherein D is NH or N{C,-Cb alkyi). The reacBon Is conducted In an inert 
30 solvent such as dichloromethane, chloroform, dimethylformamlde, or tetrahydrofuran 
In the presence of a tertiary amine base, preferably triethylamlne or N.N- 
dilsopropylamine. Rosenberg ^ M- (EP 456,185) describes the synthesis of the 
compound of fonnula XVI wherein R* is 4-methyH-pipera2ino. A is sulfonyl. D is NH. 
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and and R* are phenylmethyl by reaction of 1-methylpiperazin-4-yl) suHonyl chloride 
(prepared by the method of Matier. J. Med. Chem., 1972. 15. 538) with phenylalanine 
benzyl ester p-toluenesutfonic acid salt. Compounds of fonnula XI may also be 
prepared by reaction of unprotected cf-amino acids of fomriula NHj-CH(R^)COjH with 
5 sulfamoyi chlorides. Wegler et al- (Ann. Chem.. 1959. 624. 24-29) describe the 
synthesis of the compound of formula XI wherein R* fs morpholino. A Is suKonyl. D is 
NH. and R» Is phenylmethyl by this synthetic strategy. These methodologies are 
adaptable by one skilled In the art to the synthesis of other compounds of fonnula XVI 
and Xi wherein R' is as described herein or a protected variant thereof, A is sulfonyl or 
10 cartaonyl. D Is NH or N(C,-Cs alkyi). R* Is an N-llnked substltuent or protected variant 
thereof as described herein. 

Compounds of fomiulaXI and XVI wherein R*-A is alkylcarbonyl, alkoxycariwnyl 
(C3-C7)-cycloalkylcari3onyl. alkylsulfonyl. (C3-C7)-cycloalkyl8uHonyl. and substituted or 
appropriately protected substituted variants of these five groupings and D is NH. N-(C,- 
15 C5)alkyl or oxygen may be prepared by the method of scheme 6 by acylation or 
suH onylation of a compound of the formula XVI with the appropriate activated carboxylic 
acid or sulfonyl chloride derivative. Acylations of this type are accomplished via the 
acid chloride R*COCI or by one of the peptide coupling methods described above. 
Sulfonylation is accomplished in an inert solvent, preferably dichloromethane. in the 
20 presence of a tertiary amine base, preferably triethylamlne or diisopropylethylamlne. 
Compounds of formula XI and XVI wherein R*A Is substituted or unsubstituted 
alkoxycarijonyl may be prepared by acylation of a compound of the fonnula XVI with 
the appropriate chlorofonnaile or carisonate derivatives. 

Compounds of fonnula XVI and XI wherein A is CO and D is CH, are 
25 synthesized according to Scheme 7. by coupling of compounds of fomiula XVII wherein 
G is OH, A is CO. D is CH, and R" is a suitable carboxyl protecting group to an amine 
or appropriately protected amine R»-H. Compounds of formula XVII wherein G is OH. 
A Is CO, D is CHj and R" is a suitable carboxyl protecting group are prepared by 
literature methods. Plattner et al. (J. Med. Chem. 1988. 31. 2277-2288) describe the 
30 synthesis (Scheme V therein) of the compound of formula XVII vrtierein Q is OH. A is 
CO. D is CHj. R^ Is phenylmethyl. and R^ is phenylmethyl In the enantiomeric fom 
preferred for the R'-bearing cartjon in compounds of formula I herein. Other 
compounds of fonnula XVII wherein G is OH, D is CH,. and R^ and R* are as described 
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herein may be prepared by this method by one skilled In the art, starting with a suitably 
carboxyl-activated derivative of the appropriate acid R'CHjCOjH and the amine R*-H, 
wherein and R* are as described herein or suitably protected variants thereof. For 
example, Hoover et. al. (EP-438,233) describes the synthesis by this method of 

5 compounds of formula XI wherein A is CO. D is CHj, R' is phenylmethyl and R* Is 4- 
oxopiperidino, 2-morpholinoethyl{methyl)amino. 4-dlmethylaminopiperidlno. 4- 
pyn^olidinoplperidino, 4-piperidinopiperidino. 4-dimethylaminomethylplperidino, 4- 
piperidinomethylpiperidlno, and 4-N-t-Boc(methyl)aminomethylplperidlno, and 
compounds of formula XI wherein A is CO, D is CH„ R* is 4-oxopiperidino. and R* is 

1 0 2-thienylmethyl, 4-iodophenylmethyl. and 3-thienylmethyl. Additionally, European Patent 
416,393 describes the synthesis of compound of formula XVI vyherein R4 is 4- 
trifluoroethylpiperazino, 4-methylpiperazino, and 2-(2-pyridyl)ethyl(methyl)amino by this 
method. Compounds of formula XI wherein A is CO and D is CH^ are also prepared 
by other methods, such as a) Stobbe condensation of a carbonyl compound with a 

1 5 succinic acid diester to give a 2-dihydrosuccinate 1 -monoester, b) coupling of the free 
carboxyl to an amine R*-H. and c) reduction (e.g., catalytic hydrogenation) of the olefin 
to a compound of formula XI. Steps a and b of this method are described by Platlner 
et al. (J. Med. Chem. 1988, 31. 2277-2288) for the synthesis of an olefin which upon 
hydrogenation would give a compound XI wherein R* is moqiholino, A is CO, D is CHj, 

20 and R' is phenylmethyl. lizuka et. al. (J. Med. Chem. 1990, 33, 2707-2714) report a 
closely related method whereby, by varying the carijonyl compound giving rise to R' 
and the amine or protected amine R*-H, compounds of fonnula XI wherein A is CO, D 
is CHj, R' Is not an aryl group or tertiary radical, and R* Is an amine-linked substltuent 
as described herein may be prepared. 

25 European Patent 41 6,393 describes methods for the synthesis of compounds 

of formula XI and XVI wrtierein R* is unsaturated heterocyclicethyl(methyl)amino, A is 
carbonyl. D Is CHj, and R^ Is phenylmethyl, by N-alkylation of a five membered 
unsaturated heterocycle such as imidazole and pyrazole. One skilled in the art can use 
this method to prepare other such compounds of formulae XVI and XI by varying the 

30 R'-substituted succinate monoester, and by choosing the appropriate w-hydroxy-CCj- 
C4)alkyl(C,-C5)alkylamine, and by choosing the appropriate heterocycle. 

Compounds of formula XVI wherein R* is a nitrogen-linked substituent as 
described above or a protected variant thereof, A is suHonyl and D is CH^ may also be 
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prepared according to Scheme 7, by coupling an amine R'^-H or protected variant 
thereof with a sulfonyl chloride of the fonnula XVII wherein G-A is CI-SO^-. Certain such 
compounds of formula XVII and XVI are known in the literature. Rosenberg et al. (EP 
456,185) described the preparation of the compound of formula XVI, wherein G is CI, 

5 A Is SOj, D is CH^. R^ Is phenylmethyl and R** is methyl or phenylmethyl, and their 
reaction with selected amines of fonmula R^-H including morpholine, N-benzylpiperazine 
(as a protected form of piperazine) and 1-methylpiperazine. This methodology is 
adaptable by one skilled in the art to the synthesis of other compounds of fomiula XVI 
wherein R^ is as described herein or a protected variant thereof. A is sulfonyl, D is CHj 

10 and Is an N-linked substituent or protected variant thereof as described herein. 

Compounds of formula XVI wherein R* is substituted or unsubstituted alky! or 
cycloalkyi, A is sulfonyl, D is CHj, and R^ and R'* are as defined herein may be 
prepared starting from 2-(R^)-substituted acrylic acid esters by the method described 
by Buhlmayer et al. (J. Med. Chem. 1988. 31. 1839-1846) wherein a compound of 

15 formula XVI wherein ff* is t-butyl.. A is sulfonyl. D is CH^, is phenylmethyl, and R** is 
ethyl is synthesized by a) conjugate addition of R*SH (tert-butyl mercaptan) to benzyl 
2-benzylacrylate. and b) oxidation of the sulfide to the sulfone. The requisite 2-(R^)- 
substituted acrylic acid esters are prepared by the method of Stetter et al. (Synthesis 
1979, 29) from 2-(R^) substituted-malonic diesters or by other methods cited therein. 

20 2-(R^) substituted-malonic diesters are commercially available or prepared by literature 
methods. 

Compounds of fomiula XI wherein is substituted or unsubstituted alkyl or 
cycloalkyi. A is carbonyl. D is CHj, and R^ is as defined herein may be prepared by 
alkylation of a 2-(R^) substituted-malonic diester with a bromoketone of fonnula 

25 R^COCH^Br, followed by hydrolysis and decarboxylation of this product. Buhlmayer et 
al. (J. Med. Chem. 1988, 31 , 1839-1846) report a method for synthesis of a compound 
of fonnula XVI wherein R* is t-butyl, A is carbonyl, D is CH^, and R' is phenylmethyl is 
synthesized by a) alkylation of diethyl benzylmalonate with 1-bromo-3,3-dimethyl-2- 
propanone b) sodium hydroxide hydrolysis, and c) HCI-induced decartsoxylation of the 

30 Intermediate 2-benzylmalonic acid. Bromoketones of fonnula R^COCHaBr may be 
prepared, as will be knovm to one skilled in the art, by many methods such as a) 
reaction of an activated acid R^COOH (such as the acid chloride or mixed anhydride) 
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wlth diazomethane to give the diazomethyl ketone which is b) treated with anhydrous 
hydrogen bromide. 

European Patent 476,515 describes a method for the preparation of compounds 
of the fomiulae XVI and XI wherein is 2-{R^CON(CH3))ethyl{methyl)amino, A is 
5 carbonyl, D is NH or O, and is phenylmethyl, wherein R^ is thiomorpholino, 
piperidino, or dialkylamino, by acylation of an appropriate 
methylaminoethyl(methyl)aminocarbonyl-phenyIalanine or phenyllactate derivative with 
R'^COCI. This method may be used by one skilled in the art for the synthesis of other 
compounds of the formula XVI and XI wherein the precursor containing R^, the 

10 monoprotected (C,-C6)alkylamino(C2-C4)alky!(C,-C5)alkylamine. and the R^COCI 
reagent are appropriately chosen. 

Unless indicated otherwise, the pressures of the foregoing reactions are not 
critical. Generally, the reaction pressures will be about 0.5 to about 2 atmospheres, 
preferably ambient pressure (i.e. . generally at about one atmosphere). 

1 5 The activity of the active compounds of the present invention as inhibitors of the 

angiotensin l-cleaving activity of angiotensin I chymase(s) may be determined by 
studying their ability to inhibit the angiotensin l-cleaving activity of arv angiotensin I 
chymase isolated and semlpurifiedfrom the heart of the marmoset. Thus, left ventricles 
were removed from necropsied marmoset monkeys. Tissues were frozen in liquid 

20 nitrogen and stored at -70° C. The tissue was thawed and homogenized in 1 0 volumes 
(w/v) of 20 mM Tris-HCI, pH 7.4 with a polytron set at 8. The homogenate was 
centrifuged at 40,000 Xg for 30 min. The pellet was washed twice by homogenization 
and centrifugatlon. The final pellet was suspended in 10 volumes of 20 mM Tris-HCI, 
pH 7.4 with 1% Triton X-100 and 10 mM KCI using a polytron. The homogenate was 

25 Incubated at 4°C for 1 hr and centrifuged at 40,000 Xg for 30 min. The pellet was 
homogenized in 20 mM Tris-HCI, pH 8.0 with 1% Triton X-100 and 0.5 M KCI, incubated 
and centrifuged. The resulting pellet was suspended in 20 mM Tris, HCI, pH 8.0 with 
1% Triton X-100 and 2 M KCI, Incubated and centrifuged. The supernatant was the 
source of chymase and was frozen In liquid nitrogen and stored at -70° C. Protein 

30 concentration was detennined {Bradford, Anal. Biochem. 1 976, 72. 248-254). Inhibition 
of angiotensin I chymases can be detennined by an angiotensin-radioreceptor assay. 
In this assay, angiotensin I is incubated with the chymase in 20 mM Tris-HCI, pH 8.0 
with 0.25% Triton X-100 and 0.5 M KCI in a final volume at 100//I. Samples were 
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incubated at S/^C and a 4«>C control was included. The reaction was terminated by 
the addition of 1 00 ;/! of 2 mM phenylmethylsulf onyl chloride (PMSF) in 50 mM TrIs-HCI, 
pH 7.2 with 5 mM MgCI^ and 0.25% bovine seaim albumin and placing on ice. The 
concentration of angiotensin II fonned was measured by displacement of radiolabeled 
5 angiotensin II from preformed rat liver microsomes saturated with radiolabeled 
angiotensin II. Rat liver microsomes are a known source of angiotensin II receptors. 
These microsomes were isolated and purified from the livers of sacrificed rats which 
were removed and homogenized in 10 volumes of 10 mM Tris-HCI, pH 7.4 with 200 mM 
sucrose and mM ethylenediaminetetraacetic acid (EDTA) using 10 strokes of a teflon 
10 pestle in a glass tube. The homogenate was centrifuged at 3000 Xg for 10 min. The 
resulting supernatant was centrifuged at 12,000 Xg for 13 minutes. This supernatant 
was separated and centrifuged at 104,000 Xg for 1 hour. The resulting pellet was 
suspended in 50 mM Tris-HCI, pH 7.2 wHh 5 mM MgClj. The microsomes were 
assayed for protein (Bradford, ibid) and frozen at -20-C until use. Radiolabeled "^1 
15 Sarile angiotensin II (0.125 nM) was incubated with the rat microsomes (30;/g. 100 /A) 
in 50 mM Tris-HCI. pH 7.2 with 5 mM MgClj. 1 mM PMSF and 0,25% BSA for 40 min 
at ambient temperature at a final volume of 200 /il. The reaction was terminated by 
filtration of the suspension through GF/B filters pretreated with 0.2% PEI and dried. The 
angiotensin II levels were determined from an angiotensin 11 standard cun^e. The ICgo 
20 of chymase inhibition was defined as the concentration of the inhibitor that inhibited 
50% of the enzyme activity and was determined by Increasing concentration of InhibHor. 

The colorimetric assay Is a less time intense alternative method for measuring 
the Inhlbftory activity of the compounds of this Invention against the angiotensin I 
cleaving action of chymases. In this assay, the experimental sample is prepared by 
25 mixing Inhibitor (90 ;/l. In 1 0% methanol) vwth enzyme. (90 //I. In 20 mM Tris. pH 8.0. 2 
M KCI. 1% Triton X-100 (47 /jg/weW)) and is pre-lncubated at 37«>C for 20 minutes. A 
control sample of the enzyme. (90 //I, In 20 mM Tris, pH 8.0. 2 M Ka. 1% Triton X-100 
(47 //g/well)) Is separately prepared. To each of these samples Is added a solution of 
apeptidyl para nitroanilide substrate (N-sucdnoyl-Phe-Val-Pro-Phe-p-Nitroanilide) (180 
30 fA volume of 400 /jM) in 30 mM Tris. pH 8.0 (200 /M final concentration). The final 
buffer concentration is 20 mM Tris, pH 8.0 with 0.5 M KCI and 0.25% Triton X-100. 
Cleavage of the para nitroanilide moiety by the chymase produces a color change. As 
the reaction of experimental and control samples are incubated at 37'»C for 3 hours. 
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the color change is continuously recorded by tiie Increase in absorbance at 410 
nanometers (NM). The rate reaction is expressed as mOD/mlnutes. The IC50 of the 
chymase Inhibitors was defined as the concentration of the Inhibitor that inhibited 50% 
of the enzyme activity and was detennined by increasing concentration of inhibitor. 

5 The following examples illustrate the invention but are not to be construed as 

limiting the same. All melting points are unconrected. In the Examples, "boc" refers to 
t-butoxycarbonyl and 'diboc" to di-t-butoxy-carbonyl. 

The active compounds of the present invention can be administered as 
antihypertensive agents, agents for the treatment of congestive heart failure, cardiac 

1 0 and vascular hypertrophy including left ventricular hypertrophy and diabetic and non- 
diabetic renal disease by either the oral or parental routes of administration, vwith the 
former being prefen-ed for reasons of patient convenience and comfort. In general, 
these compounds are nonnally administered orally In dosages ranging from about 0.1 
to about 50 mg per kg of body weight per day, preferably about 0.1 to about 20 mg per 

15 kgoi body weight per day. and about 0.05 mg to about 1 0 mg per leg of body weight 
per day, preferably about 0.05 to about 2 mg per kg of body weight per day, when 
given parenterally; variations will necessarily occur depending upon the condition of the 
subject being treated and the particular compound being administered. Typically, 
treatment Is commenced at a low dally dosage and Increased by the physician only If 

20 necessary. It is to be noted that these compounds may be administered In 
combination with pharmaceutically acceptable carriers by either of the routes previously 
Indicated, and that such administration can be canied out in both single and multiple 
dosages. 

The active compounds of the present Invention can be orally administered in a 
25 wide variety of different dosage fomis. I.e., they may be fomnulated with various 
pharmaceuticaliy acceptable inert carrier In the form of tablets, capsules, lozenges, 
troches, hard candies, powders, sprays, aqueous suspensions, elixirs, syrups and the 
like. Such carriers include solid diluents or fillers, sterile aqueous media and various 
non-toxic organic solvents, etc. Moreover, such oral pharmaceutical fonmulations can 
30 be suitably sweetened and/or flavored by means of various agents of the type 
commonly employed for such purposes. In general, the active compounds of the 
present invention are present in such oral dosage forms at concentration levels ranging 



I 
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from about 0.5% to about 90% by weight of the total composition, In amounts which 
are sufficient to provide the desired unit dosages. 

For purposes of oral administration, tablets containing various exciplents sUch 
as sodium cHrate, calcium carbonate and calcium phosphate may be employed along 

5 vflth various disintegrants such as starch (preferably potato or tapioca starch), alginic 
acid and certain complex silicates, together with binding agents such as 
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such 
as magnesium stearate, sodium lauryl sulfate and talc and compositions of a similar 
type may also be employed. Lactose or milk sugar as w/ell as high molecular weight 

10 polyethylene glycols may be employed as fillers in soft and hard-filled gelatin capsules. 
When aqueous suspensions and/or elixirs are desired for oral administration, the 
essential active ingredient therein may be combined with various sweetening or 
flavoring agents, coloring matter or dyes and. H so desired, emulsifying agents and/or 
solvents such as water, ethanol. propylene glycol, glycerin or combinations thereof. 

15 One or more other active compounds may be added to the fomiulations 

described above to provide formulations for combination therapy. Such compounds 
include antihypertensives such as diuretics, beta-adrenergic blocking agents, central 
nen^ous system-acting agents, adrenergic neuron blocking agents, vasodilators, renin 
Inhibitors, angiotensin II antagonists, and angiotensin I converting enzyme inhibitors. 

20 A preferred antihypertensive agent for administration together with a compound of the 
present Invention Is a diuretic. 

EXAMPLES 

Amicon silica 30 ;/M. 60 A pore size, was used for column chromatography. 

Melting points were taken on a BuchI 510 apparatus and are uncorrected. 
25 Proton and cariion NMR spectra were recorded on a Varian XL-300, Bruker AM-300. or 
Bruker AM-500 at 25«>C. Chemical shifts are expressed In parts per million downfield 
from trimethylsllane. Uquld secondary ion mass spectra (LSIMS) vi«re obtained on a 
Kratos Concept-IS high resolution spectrometer using cesium Ion bombardment on 
sample dissolved in a 1:5 mixture of dithioerythritol and dithiothreitol in methanol. For 
30 Initial sample dissolution chloroform, methanol, or ethanol were employed. Reported 
data are sums of 3-20 scans calibrated against cesium Iodide. FAB-MS spectra were 
obtained on a Kratos MS-80RFA spectrometer operating in the FAB mode on sample 
dissolved in a thioglycerol matrix. This layer chromatography (TLC) analyses were 
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performed using E. Merck Kieselgel 60 F254 silica plates visualized (after elution with 
the indicated solvent(s)) by staining with 15% ethanolic phosphomolybdic acid and 
heating on a hot plate. HPLC was performed with 214 nm detection on a (system A) 
150 mm Waters Novapak CI 8 column eluted at 0.8 ml/min, or (System B) 250 mm 
5 Rainin Microsorb C18 column eluted at 1.0 ml/min by a two-pump/mixer system 
supplying the indicated mixture (v:v) of acetonitrile and aqueous pH 2.1 (H3PO4) 0.1 M 
KH2PO4 respectively. The terms "concentrated" and "coevaporated" refer to removal of 
solvent at water aspirator pressure on a rotary evaporator with a bath temperature of 
less than 40° C. Organic solutions were dried over magnesium sulfate unless specified 

10 otherwise. 

General Procedure A (Peotide Couplino Usino DEC) 

A solution of the primary amine (0.2-0.5 M, 1 .0 equivalent) in dichloromethane 
(or a primary amine hydrochloride and 1.0-1.3 equivalents of triethyiamine) is treated 
sequentially with the carboxylic acid coupling partner (1.0-1.2 equivalents), 

15 hydroxybenzotriazole hydrate (HBT) (1.5-1.8 equivalents), and 1-(3- 
dimethylamincpropyl)-3-ethylcarbodiimlde hydrochloride (DEC) (1.0-1.2 equivalents, 
stoichiometricaliy equivalent to the quantity of carboxylic acid) and the mixture is stinted 
overnight in an ice bath. The ice bath is allowed to warm, thus the reaction mixture is 
typically held at 0-20^C for 4-6 hours and 20-25^C for the remaining period. The 

20 mixture is diluted with ethyl acetate or other solvent as specified, and the resulting 
mixture was washed twice with IN NaOH, twice v\nth IN HCI, once with brine, then 
dried over magnesium sulfate (MgSOJ, and concentrated to give the crude product 
which is purified as specified. The carboxylic acid component can be used as the 
dicyclohexyiamtne salt in coupling to the primary amine or hydrochloride of the latter; 

25 in this case no triethyiamine is employed. 

General Procedure B. f HCI-Dioxane Cleavaae of a t-Boc-Protected Amine) 

A cold (0-1 O^C) solution of 4N HCI-dioxane Is added by syringe to the solid t- 
Boc amine (typically about 10 mL per gram amine) and the resulting solution is stinted 
at 25 ° C for 0.25-2 hours. The time required for complete disappearance of the starting 

30 material to a more polar product as judged by TLC. The resulting solution or 
suspension is then concentrated, and the residue coevaporated several times with 
added ether, and then dried in vacuo. If specified, the solid hydrochloride is washed 
further with solvent. 
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General Procedure C. Periodinane Oxidation of a peptidvl ^r-Hydroxvester. 
Dtfluorostatine. or Trifluoromethvl Carbinol to the Co rresponding Ketone. 

The procedure of Bur1<hart, et al. (Tetrahedron Lett. 1988, 29, 3433-3436) for the 
oxidation of o-hydroxyesters by the Dess-Martin periodinane (J. Org. Chem. 1983, 48, 

5 4155) was employed with several slight modifications (use of 4 equiv periodinane 
reagent and longer reaction times, and variation in retraction solvent). Thus, a solution 
of the peptidyl o-hydroxy ester (e.g.. 1 mmol) in dry dichloromethane (about 5 mL) was 
treated vwth the above referenced periodinane (4 equiv), and the reaction mixture vwas 
stirred ovemlght (about 16 hours) at 25«'C. If the reaction was not complete (TLC), 

10 additional periodinane was added as specified. When complete reaction was verified 
the mixture was diluted with the specified extraction solvent and water (20-100 mL 
each/mmol substrate). NajSjOj'SHjO (1.3-3 g/mmol substrate) and NaHCO, (2.5-3 
g/mmol substrate) were added, and the resulting solution stirred 1 to 2 hours or until 
both layers clarified. The separated organic layer was washed writh aqueous NaHCOj, 

1 5 brine, and combined with one extract (same solvent) of the separated aqueous layers. 
The combined organic layers were dried (MgSO*). concentrated, and the residue 
chromatographed on silica eluted with the specified solvent mixture. 
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Example 1 

N.f M ■ 1 .dimethYlethoxv>carbonvn-L-phenvlalanv l-N-r2.3-dioxo-3-methoxv-1 - 

(phftn Y»methvhproPY n-L-prolinamide 

A. Methvl-3fSV2fffl-3-amino-2-hvdroxv -4-phenvlbutanoate 
5 3(S),3(R)-N-I(1 ,1 -dlmethylethoxy)carbonyl]-3-amino-2-hydroxy-4- 

phenylbutyronttrile (U.S. Patent 4.668,769. 9.13 g. 33.0 mmol) was added in several 
portions at O^C to a stin-ed solution of anhydrous hydrogen chloride (60 g) in absolute 
methanol (250 mL). The resulting solution was wanned to 25»C for 5 minutes and the 
flask was sealed with a plastic stopper and placed behind a safety shield (Caution!). 

10 After 63 hours at 25«'C. slight pressure was relieved by piercing the stopper with a 
syringe needle, and the mixture v/es concentrated and dried in vacuo. The resulting 
solid (9.94 g) was suspended In saturated aqueous NaHCO, (about 250 mL) and the 
mixture extracted with chlorofonn (1 0 times 50 mL). The extracts were dried (MgS04) 
and concentrated. The residue (6.22 g) was recrystallized from 1:2 ethyl acetate- 

15 hexanes (120 mL. by dissolving In hot ethyl acetate and adding hexanes at reflux). The 
solid was collected at 0»C, vtashod with chilled 1:2 ethyl acetate-hexanes, and dried 
in vacuo at 56oC (5.31 g, 77%): m.p. 106-107OC. 'H NMR (CDQ,) 6 1 .5 (br. 3H), 2.73 
(dd. 1H. J = 8.3, 13.3 Hz), 2.92 (dd, 1H. J = 6.6. 13.3 Hz), 3.37 (m. 1H), 3.79 (s, 3H), 
4.08 (d. 1H). 7.2-7.35 (m, 5H). Anal. Calcd for (CnH^NO,) C, 63.14; H, 7.23; N. 6.69. 

20 Found: C, 63.1 6; H. 7.01 ; N. 6.61 . 

B. N^fM .i-dimethvlethoxv^carbonvn-N'-r2fRV -hvdroxv-3-methoxv-3K)XO-1 (S)- 

(phenvlmethvDpro pyn-L-Drolinamide 

The following illustrates a specific application of General Procedure A. A 
solution of the product of Example 1 (3.81 g. 18.2 mmol) in dichloromethane (125 mL) 

25 was treated sequentially at 0»C with N-t-butoxycarbonyl-L-proline (4.30 g. 20.0 mmol), 
l-hydroxybenzotriazole hydrate (HBT. 4.20 g, 27.3 mmol), and 1-(3- 
dimethylamlnopropyl) ethylcartjodlimide hydrochloride (DEC, 3.83 g. 20.0 mmol). The 
mixture vi«s stirred 40 hours during which time the temperature rose to 25<»C. 
Dichloromethane (200 mL) was added and the resulting solution washed with 2N NaOH 

30 (2 times 70 mL), IN HCI (70 mL), and then dried (MgSOJ and concentrated. The 
residue (6.0 g) was recrystallized from 1:1 chloroform-hexanes giving 5.75 g (78%) of 
a coloriess solid, m.p. 167.168.5«»C. 'H NMR (CDCy S 1 .25 (m, ca. 1H). 1 .48 (s, 9H). 
1.6-2.0 (m, ca. 3H). 2.13 (br, ca. 0.5 H). 2.86 (dd. 1H. J = 8.3. 13.7 Hz). 2.96 (m. 1H). 
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3.18 (m. exchanges with D2O). 3.3-3.4 (m, 2H). 3.76 (s, 3H). 4.11 (d, 1H, J = 5.1 Hz. 
collapses to s with DjO). 4.18 (br, 1H), 4.58 (br, 1H). 6.23 (br. ca. 0.5 H). 7.02 (br. ca. 
0.5H). 7.15-7.35 (m, 5-6H). LSIMS m/e (rel. Intensity) 407 (M*+H, 70). 351 (20), 307 
(100). Anal. Calcd for (CjjHaoNjOe-O.SHjO) C, 60.70; H. 7.52; N, 6.74. Found: C. 

5 60.92; H, 7.12; N, 6.43. 

C. N-f2m>•hvd^oxv-3-methoxv-3^oxo-1r S^■^Dhe^vtmethvnDreDV^-L- 

prolinamide Hydrochloride 

The following preparation Illustrates a specific appHcation of Procedure B. A 
5«C solution of anhydrous hydrogen chloride in p-dioxane (30 mL of 4M) was added 

10 In one portion to the product of the preceding example (3.24 g, 7.97 mmol) and the 
resulting solution was wanned to 25«»C. After 30 minutes, the mixture was 
concentrated, and tiie residue dried In vacuo and triturated with ether (3x6 mL). The 
resulting coloriess soHd was dried in vacuo at 56«C for 1.5 hours (2.82 g, 103%). ^H 
NMR (DjO) 1 .8-2.1 (m. 3H). 2.38 (m. 1H), 2.85 (dd, 1H. J = 9.9. 13.8 Hz), 3.02'{dd. 1H. 

15 J = 5.8, 13.9 Hz), 3.31 (m. 2H). 3.68 (s, 3H), 4.15 (dd. 1H. J = 5.8. 8.6 Hz). 4.41 (d. 
1H. J = 2.0 Hz). 4.53 (ddd, 1H, J = 2.0. 5.8. 9.9 Hz). 7.2-7.4 (m. 5H). LSIIWIS 307 
(M*+H, 100%). 

D. N-rn.1-dlmethvlethoxv^earbonvn-L-Dhenvlalanvl -N-f2fm.hvdroxv-3- 
piAthf>yY.3.oxQ-1^SWp henvlmethvl^prnDvn4-.prQnnamide 

20 According to general procedure A. the product of Example 1C (250 mg) was 

coupled to N-(1,1-dimethyletiioxy)cart>onyl-L-phenylaIanine (1.1 equlv) giving 350 mg 
of crude product which vi«s chromatographed on silica eiuted wfltti ethyl acetate- 
hexanes giving the titie substance (306 mg, 76%). Anal. Calcd for 
(C3oH39N307»0.5H20): C, 64.04; H. 7.17; N. 7.47. Found: C. 64.09; H. 7.14; N. 7.22. 

25 E. N-rf1.1-dimethvlethoxvtearbonvn-L-phenvlalanvl-N -r2.3-dioxo-34nethoxv-1- 

(p ^)«j>nY«'"ethvl^propv n.L.prolinamlde 

The following preparation Illustrates an application of General Procedure C 
except that less periodlnane was initially added. Dess-Martin periodinane (265 mg. 0.61 
mmol) was added to a solution of the product of the preceding example (168 mg, 0.30 
30 mmol) in dichloromethane (10 mL) and the mixture was stin-ed 16 hours at 25°C. 
Additional periodinane (265 mg. 0.61 mmol) was added and the mixture was stirred at 
25*»C another 72 hours. The mixture was diluted with ethyl acetate (30 mL) and a 
solution of NaHCOj (0.70 g) and Na,Sj03»5HjO (2.2 g) was added, and the mixture 
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was stirred until both layers became clear. The organic layer was separated and 
washed with saturated aqueous NaHCOj (10 mL) and brine (10 mL). The combined 
aqueous layers were extracted once with ethyl acetate. The combined organic layers 
were dried (MgSOJ, and concentrated to yield 144 mg of a coloriess foam which was 
5 chromatographed on 5 g silica packed in 0.5:100 ethanol-dichloromethane and eluted 
with 50 mL portions of 1 :1 00, 2:1 00, and 4:1 00 ethanol-dichloromethane to yield the title 
substance (70 mg, 42%) as a colorless powder, (TLC Rf 0.55, ethyl acetate-silica). 
LSIMS 552 (30%, MH*), 498 (10%), 452 (100%). 

Example 2 

10 N-rf1.1-dimethvlethoxv)carbonvn-L-histidvl-N-[2.3-d}o xo-3-methoxv-1- 

(phenvlmethynproDvn-L-Drolinamide 

A. N^N^-Bisr(1.1-dimethvlethoxv>carbonvll'L>histidvl-L-Drolinephenvlmethvl 

ester 

According to General Procedure A, L-proline phenylmethyl ester hydrochloride 
1 5 (8.0 g) was coupled to N''N'-bis-[(1 .1 -dimethylethoxy)carbonyl]-L-histidine (1 1 .8 g) and 
the cmde product (1 1 .1 g, oil) was chromatographed on 200 g silica eluted with 2:1 
ethyl acetate-hexanes followed by ethyl acetate. 3.1 g of the less polar product was 
isolated and identified by NMR as Boc-Pro-OBn; the more polar substance, a coloriess 
foam (6.89 g, 39%) was identified as the title compound: 
20 LSIMS 543 (75%, MH*), 487 (30%), 443 (25%). 387 (40%), 343 (75%). Anal. 

Calcd. for (C28H38N4O7O.5H2O): C. 60.96; H, 7.12; N, 10.16. Found: C, 61.02; H. 6.86; 
N, 10.08. 

B. N^N^«Bisr(1.1-dimethvlethoxv)carbonvn-L-histtdvl-L-proline 

A solution of the product of the preceding example (1 .0 g, 1 .84 mmol) in ethyl 
25 acetate was shaken with 20% Pd(0H)2/C under 50 p.s.i. hydrogen pressure for 3 hours. 
The mixture was filtered through Supercel (trademaric) and the cake washed with ethyl 
acetate. The filtrate was concentrated giving 0.87 g of a coloriess foam, (TLC R, 0.5 in 
18/2/1 HCCIa/Ethanol/HOAc). 

C. N'N^-Bis r/ 1 . 1 -dtmethvlethoxv>carbonvn>L->histidvi-N-r2m)>h v droxv-3- 
30 methoxv-3-oxo-1fSVfphenvlmethvnp ropvn-L>prolinamide 

2-Ethoxy-1 -ethoxycartDonyl-1 ,2-dihydroqu1noline (EEDQ, 247 mg. 1 .OOmmol) was 
added to a solution of the product of the preceding Example (450 mg, 1 .00 mmol) and 
the product of Example la (210 mg) in dichloromethane (5 mL) and the resulting 
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solution was allowed to stir at 25°C for 48 hours. The reaction mixture was dfluted with 
100 mL ethyl acetate and the resulting solution was washed with 10% aqueous citric 
add (2 X 40 mL). saturated aqueous NaHCOj (2 x 40 mL), dried (MgSO^) and 
concentrated to yield the cmde product as a coloriess foam (602 mg, 94%), (TLC R, 
5 0.19 In ethyl acetate). LSIMS 644 (MH*. 20%). 544 (100%). 

D. N'N^-Bisrn.1-dimethvlethoxv^cafbonyl1-L-histidvl -N-r2.3-dioxo-3-methoxv- 

1fS).(phenvlmethv1>Dr »PY«l-'-Droiinamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure C. except that only 2 equiv of periodinane was used, and that 
10 chloroform, rather than ethyl acetate, was used as the extraction solvent. The product 
of the preceding example (642 mg) was converted to the tWe substance (530 mg, 83%) 
which was not further purified. (TLC R, 0.22, ethyl acetate). 

E. KP-ff 1 .1 ■dimethvlethoxv^cart>Qnvll.L-hlstidvl- N-rg-3-dioxo-3-methoxv-1 (S)- 

(phenylmethvPor npyll-L-prolinamlde 

1 5 The product of the preceding example (1 51 mg. 0.236 mmol) was dissolved in 

acetic acid (1 mL) and water (1 mL) for 18 hours at 25»C. Concentration and drying 
gave 139 mg of solid which was dissolved In a mixture of methanol (2 mL) and 0.5 mL 
saturated aqueous NaHCOj. Silica (3 g) was added and the solvent was removed in 
vacuo. The solid was added to the top of a 10 g silica column vtfhich vvas eluted with 

20 100 mL portions of 1% and 2% ethanol-dlchloromethane. and 50 mL portions of 4%. 
8% and 20% ethanoWichloromethane to yield the title substance (82 mg, 64%), (TLC 
R, 0.55, 9:1 dichloromethane-ethanol containing aq. NH4OH). 

LSIMS 696 (MH*-4-drthiothreltol. 100%). 542 (MH*. 50%). 

Example 3 

25 M.(morDhollPo-1-carbonvM-L-Dhenvlal3 nvl-N-l2-(2-thiazolvl>-2-oxo-1- 

A. 1 (R s\. gfSM-fg-thia2olvlV2.rN-fM .i^imethvl e!hoxv^carbonvnamino1-3- 
phenyl-1-propanol 

N-Butyllithium in hexane (7.1 mL, 17.7 mmol) was added dropvwse to a -78»C 
30 solution of thiazole (2.1 g. 17.7 mmol) In tetrahydrofuran (20 mL) and the resulting 
mixture vwis stirred at -78°C for 30 minutes. A solution of 2-[N-(1.1- 
dimethylethoxy)cart)onyl]amino].3-phenyl-1-propanal was added and the mixture was 
stirred for 45 minutes at -78«'C. The mixture was warmed to 0°C and treated with 
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saturated aqueous NH^CI. Ethyl acetate was added and the resulting solution was 
washed twice with water, brine, dried (lyigSOJ and concentrated giving 2.2 g of crude 
product which was purified on silica eluted with ethyl acetate-hexanes giving the title 
product (580 mg, 22%). LSIMS 335 (MH*. 100%). 279 (50%). 
5 B. 1 m.S). 2(SV1-f2-thiazolvlV?-amlno-3-ph ftnvl-1-DroDanol hydrochloride 

According to Procedure B. the product of the preceding Example (546 mg) was 
converted to the title hydrochlorides (500 mg). TLC Rf 0.75 and 0. 72 (18/2/1 CHjClj- 
EtOH-NH^OH). LSIMS 235 (100%. MH*). 

C. M(moroholino-1 .carbonvlM-phenvlalanvl-N p-fg-thlazolvtVI fR.S>-hvdroxv- 

10 l-(S^-phenvlmethvnethvn -L-Drolinamide 

The product of the preceding Example (200 mg) was coupled to the product of 
Example 13B (free acid. 304 mg) using General Procedure A, giving 265 mg of crude 
product \Nh\dt\ was purified on silica eluting with a gradient (1-16%) of ethanol In 
dichloromethane. Yield. 194 mg. 43%. TLC W 0.73 (9:1 dichloromethane-ethanol). 

1 5 LSIMS 592 (MH*. 40%). 309 (45%). 

D. N.(morphoiino i-r-^irhnnyl)-! -phenvlalanvl-N.f2W2-thiazolvn-2-oxo-1- 

(phenvlmethYl)ethvn-L-p rolinamide 

According to General Procedure C. the product of the preceding Example (194 
mg) was treated with the periodinane. and the crude product (133 mg). isolated by 
20 ethyl acetate extraction, was purified on silica eluted with ethyl acetate giving the title 
product (76 mg, 42%), TLC Rf 0.85 In 18/2/1 CH,CI,-EtOH-NH,OH. LSIMS 590 (MH*. 
90%). 330 (70%). 

Example 4 

N. [(1.1-dimethvlethoxv^earbonvl1-L-| eucvl-N-f2.3-dioxo-3-methoxv-1- 

25 (phenvlmethylteroPvn-L -Drormamlde 

A. M.[/1 i^imethvlethoxv^earbonv n-t -l6uevl-N.f2fR)-hvdroxv-3-methoxy-3- 
»vn.ifR)-(phenvlme thvnDropvn-L-prolinamide 

The compound was prepared in a manner according to the procedure described 
as General Procedure A. The product of Example 1C (250 mg) was coupled to Boc-L- 
30 leucine to yield 346 mg of crude product vwhich was purified on silica eluting v>«th ethyl 
acetate-hexanes and ethyl acetate to yield the title substance (303 mg, 80%). 
LSIMS 520 (MH*. 95%). 420 (100%). 

Anal. (C„H,,N3O,-0.5 HjO) C, H. N. were within 0.4% of the calculated value. 
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B. N-fM.1-climethYlethoxv>carbonvn-L-leucvl-N-f2. 3-dioxo-3-methoxv-1- 
(phenvlmethv!teropvt1-L-Drolinamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure C, with ttie following exception: 200 mg of the product of the 
5 preceding Example was treated with a total of 6 equlv of the perlodlnane which was 
added In 2 equiv portions over 7 days, until the reaction was complete by HPLC. Ethyl 
acetate was employed In the workup and the crude product (164 mg) was 
chromatographed on silica eluted with a gradient of 0.5-4% ethanol in dichloromethane 
to yield the title substance (148 mg) 
10 (TLC R, 0.52, ethyl acetate). 

LSIMS 672 (20%, MH*+matrix), 564 (35%, MH^+CjHgOH), 518 (50%, MH*), 

462 (35%), 418 (100%). 

Anal. (C27H39N5O7«0.6 HjO) C, H, N were within 0.4% of the calculated value. 

Example 5 

15 N-fM.1-dimethvlethoxv^carfaonvn.a-/4-thia7 QivlU-.alanvl-N-r2.3-dioxo-3-methoxv-1- 

fphenvlmethvlteropvll-L-prolinamide 

A. N4M.1-dimethylethoxvtearfaonv!1-3-r4-thlazolv n-L^rfanvl-N-r2fR^-hvdroxv-3- 

methoxv-3-oxO'l-fphenvlmethviteropvn-L- prolinamide 

The compound was prepared In a manner according to the procedure described 
20 as General Procedure A. The product of Example 1 C (266 mg)was coupled to Boc-3- 
(4^hlazolyl)-L-alanine) (200 mg) and the cnide product (370 mg) purified by 
chromatography on silica eluted with ethyl acetate-hexanes. ethyl acetate, and ethanol- 
ethyl acetate to yield the title substance (195 mg. 46%), (TLC R, 0.25. ethyl acetate). 
LSIMS 561 (MH*. 100%). 
25 B. N-rn .1 .dimethvlethoxvkarbonvn-3-(4-th iazo!v»-L-alanvi.N.f2.3-dioxo-3- 

methoxY-l-fohenylmethynDrop yll-L-prolinamide 

The compound was prepared in a manner according to the procedure described 
as General Procedure C. The product of the preceding Example (190 mg) was oxidized 
with the periodlnane (ethyl acetate used for extraction) to yield 183 mg of cwde product 
30 which vras purified on silica eluted wRh ethyl acetate-hexanes followed by ethyl acetate, 
to yield 136 mg (72%) of the title substance (TLC R, 0.35 In ethyl acetate). 

NMR (CDCI3) d 1.43 (s, 9H). 1.8 (m. 3H). 2.12 (m. 1H). 2.9 (m, 1H). 3.00 (dd. 
1H, J = 9.6, 14.1 Hz), 3.12 (m. 2H). 3.35 (dd. 1H. J = 14.2 Hz), 3.40 (m, IH). 3.86 (s, 
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3H). 4.58 (m, 1H). 4.60 (dd. 1H). 5.11 (m, 2H). 5.48 (m. 1H). 7.08 (s, 1H). 7.19 (d. 2H). 
7.2-7.35 (m, 3^H). 8.62 (s, 1H). 

LSIMS 713 (MH*+C^H,oOjSj, 40%). 559 (MH*, 90%). 127 (100%). 

Anal. (C^Hj^N^O^S-g/S HP) C. H, N were with 0.4% of the calculated value. 
5 Example 6 

N-fM.1-dimethvlethoxv>carbonvn-L-alanvl-N-f2.3-dioxo -3-methoxv-1- 

(phenvlnnethvl>Dropvl1-L-prolinamide 

A. N-rn.1-dimethvlethoxv^carbonvn-L-alanvl-N-f2fR>-h Ydroxv-3-methoxv-3- 

oxo-l-fDhenvlmethyl^proDvll-L-Drolinamide 
1 0 The coinpound was prepared in a manner according to the procedure described 

as General Procedure A. The product of Example 1C (250 mg) was coupled to Boc-L- 
alanine (141 mg) to yield 280 mg of caide product which was purified on silica eluted 
with ethyl acetate-hexanes to yield the title product (1 91 mg, 56%), (TLC R, 0.29 In ethyl 
acetate). 

15 Anal. Calcd for Cj4H35N3O7»0.25 Hfi: C, 59.79, H. 7.42; N, 8.71. Found: C. 

59.82; H. 7.66; N. 8.46. 

B. N-rM.1-dimeihvlethoxv^carbonvn-L-al anvl-N-r2.3-dioxQ.3-methoxv-1- 

(phenvlmethvnpropvn-L-prollnamide 

The compound was prepared In a manner according to the procedure described 
20 as General Procedure C. The product of the preceding Example (1 30 mg) was treated 
with periodinane (4.6 equiv) and tfie crude product, isolated by chlorofonn extraction, 
was purified on silica eluted with ethyl acetate-hexanes followed by ethyl acetate, to 
yield 86 mg (67%) of the title substance (TLC R, 0.34 in ethy^ acetate). 

'H NMR (CDCI3 6 1.13 (d, 3H, J = 6.9 Hz), 1.43 (s, 9H). 1.85 (m, 1H), 1.95 (m, 
25 2H). 2.32 (m. 1 H). 2.97 (dd, 1 H. J = 8.0. 14.2 Hz), 3.23 (dd. 1 H, J = 5.6, 14.2 Hz) 3.38 
(m, 1H). 3.58 (m. 1H), 3.85 (s, 9H). 4.38 (dq. 1H). 4.57 (dd. 1H), 5.27 (m, 2H), 7.14 (dd. 
1H), 7.2-7.4 (m, 3-4H). A set of resonances presumed due to a minor rotamer (ca. 
10%) were also obsen/ed: 6 3.8 (s), 4.96 (m). 4.22 (m). 
LSIMS 476 (MH*. 50%), 420 (50%), 376 (100%). 
30 Anal. Calcd for CJ4H3JN3O7: C, 60.62; H, 6.99; N, 8.84. Found: C. 60.55; H, 

7.08; N. 8.84. 
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Exeimple 7 

N-rn.1-dimethvlethoxv>carbonvn-L-Drolvt-N-f2.3-dioxo- 3-methoxv-1- 
(phenvlmethvnproDvn-L-prolinamide 

A. N-m .1 -dimethvlethoxv^carbonvn-L-prolvl-N-faf R^-hvd roxv-3-mQthoxv-3- 
5 PXo-1-fphenvlmethvl)propvl1-L-prollnamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure A. The product of Example 1C (250 mg) was coupled to Boc-L- 
prollne (173 mg) to yield 291 mg of crude product vrfiich was purified on silica eluted 
with ethyl acetate-hexanes followed by ethyl acetate to yidd 245 mg (67%) of the title 
10 product. 

Anal. Calcd for CjeH37N3O7«0.5 HjO: C, 60.91 ; H. 7.27; N. 8.20. Found: C. 

61.03; H, 7.63; N, 8.04. 

B. N-fM.1-dimethvlethoxv^carbonvn-L-Drolvl-N-r2.3 -dioxo-3-methoxv-1- 

fohenvlmethvnpropvfl-L-prolinamide 

15 Thecompound was prepared In a manner according to the procedure described 

as General Procedure C. The product of the preceding Example (204 mg) was treated 
with periodinane and the crude product, Isolated by chlorofonn extraction, was purified 
on slUca eluted w»h ethyl acetate-hexanes, to yield 172 mg (85%) of the title substance. 
(TLC R, 0.24 in ethyl acetate). 

20 ISIMS 502 (MH*. 22%), 402 (1 00%). 

Anal. CalcdforCjeH3sN307«1.5H20; C. 59.07; H. 7.24; N. 7.95. Found: C. 
58.85; H, 6.85; N, 7.70. 

Example 8 

N-fM.1-dimethvethoxv^carbonvn-L-valvl-N -r2.3-dioxo-3-methoxv-1- 

25 fphenv1methvl^proPVll-L-prolinamide 

A. N»-ff1.1-dimethvethoxvkari3onvn4.-vaM-N-r2fro-hvdrox v-3-methoxv^ 

l.fphenvlmethvitorQ Pvn-L-prolinamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure A. The product of Example 1C (250 mg) was coupled to Boc-L- 
30 valine (174 mg) to yield 276 mg of crude product which was purified on silica eluted 
with ethyl acetate-hexanes to yield 189 mg (51%) of the title product. 

LSIMS 506 (M*+H, 45%). 450 (10%). 406 (100%). 307 (70%). Anal. Calcd for 
CjeHjgNaO,: C. 61.76; H. 7.77; N, 8.31. Found: C, 62.23; H. 7.43; N, 8.25. 
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B. N.fn.1-dimethvlethoxv^carbonvn-L-valvl-N -f2fro-hvdroxv-3.methoxv-3-oxo- 
1-fphenvlmethvnDroDvn-L-Drolinamide 

According to General Procedure C. the product of the preceding example (140 
mg) was oxidized and the crude product (137 mg), Isolated by chloroform extraction; 
5 was purified on silica eluted with ethyl acetate-hexanes giving 1 07 mg (77%) of the title 
product, TLC Rf O.n 1:1 ethyl acetate-hexanes. 

'H NMR (CDCI3) 0.82 (d, 3H, J = 6.7 Hz), 0.83 (d, 3H, J = 6.7 Hz). 1 .42 (s, 9H), 
1.83 (m, 2H), 1.94 (m. 2H), 2.29 (m, 1H). 3.02 (dd, 1H, J = 7.2. 14.0 Hz), 3.18 (dd, 1H, 
J = 6.1, 14.0 Hz), 3.52 (m, 1H), 3.68 (m, 1H). 3.82 (s, 3H). 4.21 (dd, 1H, J = 6.3, 9.2 
10 Hz), 4.56 (dd, 1H, J = ca. 8. ca. 3 Hz), 5.14 (d, 1H. J = 9.5 Hz). 5.30 (dt. 1H, J = 6.3 
6.9 hz), 7.14 (m, 2H). 7.2-7.4 (m, ca. 3-4H). A set of resonances presumed due to a 
minor rotamer (ca. 10%) were also obsen/ed: d 0.99 (d, J = 6.7 Hz). 1.00 (d, J = 6.7 
Hz), 3.84 (s), 3.91 (m). 

LSIMS 504 (M*+H, 30%), 448 (30%), 404 (100%). 305 (75%). 
15 Anal. Calcd for CjeH37N30,-0.5 HjO: C. 61 .45; H, 7.34; N, 8.27. Found: C. 

61.56; H. 7.61; N, 8.16. 

Example 9 

N-fmorDholino.1-earbonvn-L-Dhenvl alanvt-N-r2.3-diQXO-3-methoxv-1- 

(phenvlmethvnproDvn-L-prolinamide 
20 A. Nl-fmoroholino-1-carfaonvn-L-Dhenvlalanv l-N-r2fm-hvdroxv-3-methoxv-3- 

oxo-1-tohenvlmethvl^proDvn-L-Drolinamide 

The compound was prepared In a manner according to the procedure described 
as Procedure A. The product of Example 1C (500 mg) was coupled to N-(morpholino- 
1-carbonyl)-LiJhenylalanine (USP 4,814,342. 446 mg) and the crude product (828 mg) 
25 was purified by chromatography on silica and eluted with 1%-32% ethanol In 
dichloromethane to yield the title substance (1 86 mg. 22%), (TLC R, 0.41 in 5% ethanol- 
dichloromethane). 

LSIMS 567 (MH*. 100%). 442 (60%), 307 (70%). 

B. N-fmorpholino-1-earbonvl>-L-phenvlalanvl-N-r2.3- diQxo-3-methoxv-1- 
30 (phenvtmethvl^DroPvl1-L-Drolinamide 

The compound was prepared in a manner according to the procedure described 
as General Procedure C. The product of the preceding Example (168 mg) was treated 
with periodinane and the erode product (146 mg) was isolated by extraction using ethyl 
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acetate and was purified on silica eluted with 1 -32% ethanol in dichloromethane to yield 
the title substance (107 mg, 63%). 

Anal. Calcd for C3oH3eN40,-0.5 H.O: C. 62.81; H. 6.50; N. 9.77. Found: C. 

62.96; H, 6.45; N. 9.88. 
5 Example 10 

N-f4-oxopiperiHine-1 -earbonvn-L-Dheny lalanvl-N- f2 3-dioxo-3-methoxY-1 - 

(phen Ylmethyl^oroPY n-L-Drolinamide 

A. N-(4-oxopiperidine-1-carbonv»-L-ph envlalanine benzvl ester 
L-Phenylalanine benzyl ester p-toluenesulfonate (420 g, 0.982 mol) was added 
10 to a stirred mixture of IN NaOH (1.5 L) and dichloromethane (0.5 L) at 25-C. Afterthe 
solid dissolved the organic layer was separated, dried over MgSO^, and added over 1 
hour to a stirred O-S^C slurry of imidazole (135 g. 1.96 mol. 2.0 equiv) and 
carbonyldilmidazole (175 g, 1.08 mol) in dichloromethane (1.6 L). The resulting dear 
solution was vwrmed rapidly to 25«C and stin-ed 1 hour at this temperature. 4- 
1 5 Piperidone hydrate hydrochloride (200 g, 1 .28 mol, 1 .3 equiv) and triethylamine (178 
mL, 1 .28 mol. 1 .3 equiv) were added sequentially, each in one portion, and the mixture 
was stirred overnight at aS'C. The mixture vms vwahed with 1 N HCI (3 x 800 mL). and 
the resutting organic layer (partially emulsified) viras diluted with dichloromethane (2 L) 
and divided Into two equal portions. Each half was washed with 2N HCI (0.6 L). The 
20 combined aqueous layers were washed with dichloromethane (1 .6 L). and the organic 
layers were combined, washed with brine, dried (MgSOJ. and concentrated to a 
viscous yellow on vwhich wes coevaporated twice with added ether to give an off-white 
solid (352 g, 94%). This material was dissolved in hot 2:1 (v:v) ethyl acetate-hexanes 
(1 .2 L) and the resulting near-solution was filtered through a cotton plug. Crystallization 
25 rapidly ensued as the mixture was allowed to stand undisturbed for 1 hour. After the 
mixture was chilled In an Ice bath the mass was filtered, washed wrfth cold 2:1 ethyl 
acetate-hexanes and hexanes and dried to yield 260 g (70%) of a coloriess crystalline 
solid, homogeneous by TLC (R, 0.27 in 2:1 ethyl acetate-hexanes) and HPLC (2.56 min 
in 70:30 MeCN-pH 2.1 phosphate): m.p. 104-107«>C; NMR (CDCI3, ppm) 2.39 (m. 4H), 
30 3.11 (dd, A of ABX, 1H, J = 5.7. 13.8 Hz). 3.16 (B of ABX. 1H. J = 5.7; 13.8 Hz), 3.61 
(m. 4H). 4.85 (-dt, 1H. J = 7.6. 5.8 Hz). 4.97 (d. 1H. J = 7.6 Hz). 5.11 (A of AB. 1H. 
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J = 12.1 Hz). 5.21 (B of AB, 1H. J = 12.1 Hz), 7.00 (dd. 2H, J = 2.5. 5.9 Hz), 7.18-7.37 

(m, 8H); IR (CHCI3) 3435. 2990. 1731, 1651. 1496. 1401. 1176. 982 cm'. Anal. 

(C,2H„NA)C.H.N. 

B, N-/4-oxopiperidine-1-carbonvn-L-p henv1alanine 

5 The product of the preceding example (1 15 g, 0.605 mol) was added to 12 g 

10% Pd/C in methanol (900 mL) and acetic acid (100 mL). and the resulting mixture 
was shaken under 30 p.s.i. hydrogen for 35 minutes and then filtered through washed 
Celrte which was washed well with methanol. The filtrates and washings were 
combined and concentrated in vacuo leaving a viscous yellow oil which was 

10 coevaporated twice with added toluene and twice wHh added ether. The residue was 
dissolved in chlorofomi (500 mL) and the resulting solution was washed with water (4 
X 250 mL). brine, dried over MgSO«, and stin-ed with 7 g of decolorizing cariaon (Darco. 
trademark) G-60 at 25° C for 20 minutes. The mixture was filtered through 
diatomaceous earth (Supercel. trademark) and the filtrates concentrated in vacuo and 

15 dried at 0.2 mm and 25°C for 16 hours leaving a colorless foam which was pulverized 
to an off-white powder (72.4 g. 83%). An impurity (6% by RP-HPLC) was present which 
was identified by NMR as the con-esponding dimethyl ketal. This material (63.7 g)was 
dissolved In tetrahydrofuran (190 mL) and aqueous IN HCI (19 mL) at 25''C. After 2.5 
hours at 25''C and 16 hours at 0«»C the mixture was concentrated to near dryness, the 

20 residue dissolved In ethyl acetate (700 mL) and the resulting solution was washed twice 
with IN HCI. The aqueous extracts were combined, ©rtracted twice with ethyl acetate, 
and the combined organic layers dried (MgSO^) and concentrated. The coloriessfoam 
was pulverized and dried in vacuo (60.1 g, 78% projected overall yield). 'H NMR (300 
mHz. CDCI3) 6 2.33 (m. 4H), 3.02 (dd. 2H. J = 7.2. 13.8 Hz). 3.21 (dd. 2H. J = 4.9. 

25 13.8 Hz), 3.55 (m. 4H). 4.69 (dt. 1 H. J = 7.0. 12.5 Hz). 5.40 (d. 1 H. J =7.1 Hz). 7.12- 
7.27 (m, 5H). 8.88 (br, 1H); "C NMR (75.4 mHz. CDCI3) 6 37.5. 40.4, 42.7. 54.8, 127.2, 
128.6. 129.3, 136.3, 157.2. 175.0. 207.6; HRMS (CI. Isobutane) m/e 291.1358 (MH*. 

calcd for C,5H,bNA: 291.1346). 

C. N-f4-oxopiDeridine-1-cari3onyl%L-Dhenvlalan vi-N-r2fRVhvdroxv-3-melhoxv- 

30 .<UoxQ-1^SVfDhanvlmethvl )propvn.L-prollnamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure A. The product of the preceding Example (281 mg) was coupled 
with the product of Example 1C (300 mg) to yield crude product (427 mg) which was 
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chromatographed on silica eluted with ethyl acetate and a 1-4% ethanol in ethyl acetate 
gradient to yield the title compound (254 mg). (TLC R, 0.5 in 18/2/1 CHaj-ethanol- 
NH4OH). 

LSIMS 579 (MH*. 100%). 307 (70%). 
5 Anal. Calcd for C„H3eN40,«H20: C. 62.40; H, 6.76; N, 9.39. Found: C, 62.28; 

H, 6.44; N, 9.23. 

D. N-f4-oxoDiDeridin6-1-carbonvn-L-phen Ylalanvl-N-r2.3.dioxo-3-methoxv-1- 
(phenylmethvl^proP YlVL-prolinamide 

The compound was prepared In a manner according to the procedure described 
1 0 as General Procedure C. The product of the preceding Example (246 mg) was treated 
with periodinane. The product (215 mg. 87%), was isolated by extraction using ethyl 
acetate. 

LSIIVIS 731 (MH*+C,H,oOjS,. 8%), 577 (MH*. 15%). 309 (100%). 
Anal. Calcd for C3,H36N407.1.25 H^O: C. 62.14; H. 6.48; N. 9.35. Found: C. 
15 62.05,; H. 6.09; N, 8.95. 

Exeimple 1 1 

N'.[4r4-fmethvlamino^plDeridinYll-1.4-dioxo- 2fRVtohenvlmethvl)butYll-N'-r2.3- 
riinyn-a-methoxv-1 .(phenvlmethvl)p rQPvn-L-prollnamlde hydrochloride 

A. N'-r4-f4-rN-rM .l-dimethvlethoxv^eariDo nvnmethvlaminQlploeridinvn-l .4- 
20 diQXQ.2m>-fphanvlmethv l^butvn.N'-r2fm.hvdroxv-3-methoxv-3-oxo-1- 

(phenYlmethyl^Dro pyn-L-prolinamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure A. The product of Example 1C (85 mg) and 4.I4-[N-l(1.1- 
dlmethylelhoxy)carbonyl]methylaminolpiperidlnylJ-2(R)-(phenylmelhyl)-1,4-butanedioic 

25 add (100 mg) were coupled to give 160 mg of crude product which was purified on 
siHca eluted with ethyl acetale-hexanes followed by ethyl acetate, to yield 1 10 mg (64%) 
of product. (TLC R, 0.85 In 18/2/1 HCCU^thanol-NH^OH). LSIMS 693 (MH*. 100%). 
387 (90%). 

B. N'.r4-r4-fN-Ul l-dimethvlethoxv^carb onvnmethvlaminolpiperidinvn-l .4- 
30 dioxo-2fRW(phenvlmethvnbutvn -N-'.f2.3.dioxo-3-methoxY-1-(ph6nvlmethYl)propYn-L- 

prolinamnlde 

The compound was prepared in a manner according to the procedure described 
as General Procedure C. The product of the preceding Example (90 mg) was treated 
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with the periodinane, and the crude product (78 mg) isolated by ethyl acetate extraction 
was purified on silica, eluted with ethyl acetate followed by 2% and 4% ethanol in ethyl 
acetate to yield the title product (45 mg, 50%), (TLC R, 0.22 In ethyl acetate). I^IMS 

691 (MH*. 40%). 387 (100%). 
5 C. NI'-f4-r4-fmethvlamino)Diperidinv11-1.4-dioxo-2(R)-(phe nylmethvl^butvn-N'- 

[2.3.dioxo.3-methoxv-1-fohenvlmethvhpropvn-L-prolina mide hydrochloride 

The compound was prepared in a manner according to the procedure described 

as General Procedure B. The product of the preceding Example (37 mg) was treated 

with HCWioxane for 1 hour at 25*»C to give 30 mg of the title substance. 

10 LSIMS 623 (MH* ^CHjOH. 48%). 591 (MH*), 287 (100%). 

Example 12 

N-r2.2-Difiuoro-4-rN-rN-rf 1 .1 -dimethvlethoxv^carbonvn 4,.leuevl-U>rolvnaminol1 .3- 
dioxo-5^>henvlpent-1 -vll methvlamine 

A. N-(2.2-Difluoro-4-f N-f f 1 .1 .dimethvlethoxv^caffaonvn amin&-3fRVhvdroxv-1- 

15 oxo-S-phenyloent-l-vll methviamine 

A large excess of anhydrous methylamine was introduced into a solution of ethyl 
2,2-difluoro.4-IN-[(1 ,1 •<limethylethoxy)carbonyllaminol-3(R)-hydroxy-5i3henylpentanoate 
(J. Med. Chem. 1986, 29, 2080-2(W7, 200 mg) in ethanol (2 mL) at 0°C. After 2 hours 
at 25«»C the mixture was concentrated and dried to ^eld 182 mg (94%) of a colorless 
20 soUd, (TLC R, 0.59 In ethyl acetate). 

LSIMS 359 (MH*. 60%), 303 (70%), 259 (100%). 

B. N-r2.2.raiuoro-4-amino.3f RVhvdroxv-1 -oxa-S^jhen ytpent-l -vllmethvlamine 
hydrochloride 

The product of the preceding example (173 mg) was converted by General 
25 Procedure B to the title substance (138 mg, 100%). (TLC R, 0.5 In 18/2/1 CHjCI^- 
ethanol-NH40H). 

LSIMS 259 (MH*. 100%). 

C. N.g.2.Pifluoro-4-rfN-M .1 -dimethvlethoxv^earbonvn-L -prQlvnaminol-3fR^ 
hvdroxv-1-oxo-5-phenvlpent- 1-yl1 methvlamine 

30 The compound was prepared in a manner according to the procedure described 

as General Procedure A. The product of the preceding Example (123 mg) and Boc-L- 
proline (86 mg) were coupled to yield 175 mg of caide product which was suspended 
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in dichloromethane and filtered. The filtered solid weighed 80 mg and was 
homogeneous by TLC (R, 0.41 in 1:1 ethyl acetate-hexane). 
LSIMS 456 (MH*. 90%), 356 (100%). 

D. N-r2.2-Drfluoro-4-rfL-Drolvllamino1-3m^-hvdroxv-1-o xo-5-DhenvlDent-1-vn 

5 methvlamine hydrochloride 

The compound was prepared in a manner according to the procedure described 
as Procedure B. The product of the preceding example (60 mg) was treated with HCI- 
dioxane to yield 66 mg of the title substance, (TLC R, 0.46 In 18:2:1 CHjClj-ethanol- 
NH4OH). 'H NMR showed that the sample contained p-dioxane. 

10 LSIMS 356 (MH*. 100%). 

E. . N-f2.2-Difluoro-4-fN-fN-rn.1-dimethvtethoxv^ca rbonvn-L-leucvl-L- 

prol yllamino1-3m>-hvdroxv-1 -oxo-S-DhenvtDe nt-1-vn methvlamine 

The compound was prepared in a manner according to the procedure described 
as General Procedure A. The product of the preceding example (60 mg) was coupled 
15 to Boc-Ueucine (38 mg) and the caide product (84 mg) was purified on silica eluted 
with ethyl acetate-hexane to yield the title substance (49 mg, 58%), TLC (R, 0.32 ethyl 
acetate). 

LSIMS 569 (MH*. 100%), 469 (85%), 356 (50%). 

F. N.r2.2-Difluoro-4-rN-rN-rn.1-dimethvlethoxv^ca rbonvn-L-leucvl-L- 
20 prolyllaminol-l .S-dioxo-S-DhenvlDen t-l-vll methvlamine 

The compound was prepared In a manner according to tiie procedure described 
as General Procedure C. The product of the preceding Example (46 mg) was treated 
vnth the periodinane, and the crude product (54 mg). Isolated by ethyl acetate 
extraction, was purified on siiica eluted with ethyl acetate-h«<anes, to j^eld the title 
25 product (28 mg. 62%). LSIMS 585 (MH*+H,0. 20%). 567 (MH*. 60%). 467 (100%). 354 
(30%). 

Example 13 

KI-fmorpholiPo-1-carbonvn-L.Dhenvlala nvl-N-f2-(2-benzothiazolvU-2-oxo-1- 

(phenylmethvnethY n-LHBrollnamide 
30 A. N-fmoroholino-1-carbonvn-L-Dhenvlaianvl-L-Dr oline benzvl ester 

N-(morpholino-1-cart3onyl)-L-phenylalanine (12.6 g) and L-proiine benzyl ester 
hydrochloride (10.0 g) were coupled according to General Procedure A and the crude 
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product purified on silica gel eluted with ethyl acetate-hexanes followed hy ethyl acetate 
to yield 10.0 g (53%) of the title product. (TLC R, 0.26 in ethyl acetate). 

LSIMS 466 (MH*. 28%), 309 (50%), 119 (100%). 

B. N.(mQrDholino-1-carbonvl\- L-phenvlalanvl-L-prollne 

N-fmnrphQlino-l-carbo n ylVL-ohenvla lanvl-L-Droline dicvdohexylamine salt 
A solution of the product of the preceding Example (9.9 g, 21.0 mmol) In 
methanol (90 mL) and acetic acid (10 mL) was shaken with 10% palladlum-on-carbon 
(1.1 9) at 250C under 45 p.s.i. hydrogen pressure for 30 minutes. The mixture was 

10 filtered through Supercel (trademark), the cake washed with 10:1 methanol-acetic acid, 
and the filtrate concentrated. The resufting oil was dissolved in chtoroform (200 mL) 
and the resulting solution washed with water (3 x 40 mL). brine, dried (MgSOJ and 
concentrated to yield 6.44 g (82%) of the free acid. (TLC R, 0.52 In 18/2/1 HCCI3- 
ethanol-acetic acid). A portion (0.5 g) of this material was dissolved in dichloromethane 

15 and 0.26 mL (1 .0 equiv) dicyclohexylamine was added. The mixture was concentrated 
and the residue dissolved with heating in ethyl acetate (5 mL). Hexane (15 mL) was 
added while the mixture was kept at reflux. Cooling (O'C) produced a solid which was 
recrystallized in like fashion from ether (2 mL) and hexanes (20 mL) to yield 430 mg of 
a granular powder. 

20 Anal. Calcd for C„H,,N305.C„H,3N.H,0: C. 64.78; H. 8.77; N. 9.75. Found: 

C. 64.86; H, 8.67; N. 9.71. 

C. IfRSr pfSW1-f?-ben20th ia20lvn-2-fN-ff1.1- 

riimethYlethoxv^carbonvnamino ]-3-phenv>-1-Dropanol 

N-Butyllithlum In hexane (1.88 mU 4.7 mmol) was added dropwise to a -78«C 

25 solution of benzothiazole (0.62 g, 4.6 mmol) In telrahydrofuran (5 mL) and the resulting 
mixture was stirred at -780C for 30 minutes. A solution of 2-lN-[(1.1- 
dimethylethoxy)carbonyl]amlno]-3-phenyl-1-propanaI was added and the mixture was 
stirred for 30 minutes at -78«>C. The mixture was warmed at 0«C and treated with 
saturated aqueous NH4a (6 mL). Ethyl acetate (100 mL) was added and the resulting 

30 solution was washed twice with water, brine, dried (MgS04) and concentrated to yield 
1.17 g of cnjde product which was purified on silica eluted with ethyl acetate-hexanes 
to yield the title compound (220 mg, 12%). 
LSIMS 385 (MH*. 20%), 309 (100%). 
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Q. im SV 2fSM-f2-benzothia2olvn- 2-amino-3-phenvl-1-Dropanol 
hydrochloride 

The compound was prepared in a manner according to the procedure described 
as Procedure B. The product of the preceding Example (215 mg) was converted to the 
5 title hydrochlorides (189 mg). (TLC R, 0.75 and 0.72). 18/2/1 CH^CIrethanol-NH.OH). 
EI-MS 284 (M*). 

E. N-(morDholino-i-cart>onvn-L-phenvlalanvl-N- fP-f?-ben2othiazolvlV1(R.S)- 
hYHrftX Y-1-rS\-DhenY'metHv«>ethv n-L-proiinamide 

The product of Example 13B (DOHA salt) (395 mg) was coupled to the product 

10 of the preceding Example (189 mg) using General Procedure A. to yield 285 mg of 

crude product which was purified on silica eluting with a gradient (0.5-4%) of ethanol 

in dichloromethane. Yield. 191 mg, 50%. (TLC R, 0.74. 9:1 dichloromethane-ethanol). 

RP-HPLC (50/50 System A) showed a 1.2:1 mixture of isomers. 

LSIMS 642 (MH*. 30%), 309 (100%). 
15 F. ^l-fmorDholino•1•earbonvlU■-p hen^/lalanvl-N-p-f2^ben20thia2olvi>-2^oxo-1- 

(phenylmethvPeth yn-L-Drolinamide 

The compound was prepared in a manner according to the procedure described 
as General Procedure C. The product of the preceding Example (191 mg) was treated 
with the periodinane. and the caide product (100 mg), isolated by ethyl acetate 
20 extraction, was purified on silica eluted with ethyl acetate to yield the title product (30 
mg, 16%), CTLC R, 0,56 In 18/2/1 CHjaj-ethanol-NH^OH). 
LSIMS 640 (MH*, 90%), 380 (40%), 309 (40%). 

Example 14 

N.fmQrpholino-1-earbonvn-L - phenvlalanvl-N-r3.3.3-trifluoro-2-oxo-1(S)- 

25 (phenvlmethynpropyll- L-proiinamide 

A. Kf-ra.3.3.Trifluoro-g-hvdroxv- 1-fphenvlmethv«)prQpvnben2amide 

Sodium borohydride (1.43 g, 37.7 mmol) was added to a solution of N-13,3.3. 
trifluoro-2-oxo-1-(phenylmethyl)propyllbenzamide (racemate. J. Med. Chem. 1990, 33. 
394-407. compound 4c therein) in absolute ethanol (100 mL) at 25«C. After 4 hours 
30 the mixture was poured Into a mixture of ice. excess 6N HCI, and chloroform, and the 
resulting mixture extracted repeatedly with chlorofonn until no more solid remained. 
The combined organic layers were dried and concentrated to yield the title compound 
(9.51 g, 78%). 
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IJSIMS324(MH\ 100%). 

3 3-Amino-4-phenvl-1 .1.1-trifluoro-2-bL rtanol Hydrochloride 
The product of the preceding Example (9.5 g. 29.6 mmol) was dissolved In a 
mixture of 12N HCI (400 mL). H^O (200 mL) and ethanol (200 mL) and the resulting 
5 solution was heated at reflux for 24 hours. The mixture was concentrated and the 
residue, a colorless solid, was dissolved in H^O. The resutting solution was extracted 
with ether (5 x 100 mL) and the aqueous layer concentrated in vacuo. The resulting 
light yellow solid was recrystallized from ethyl acetate^iexanes to yield the title 
substance (3.9 g. 52%). (TLC R, 0.70 in 18/2/1 CHjClj-ethanol-NH^OH). Further 
1 0 material precipttated and was filtered from the mother liquors (3.1 g). 

C. NJ-/morpholino-1-carbonvlVL-D henvlalanvt-N-r9(RSVhvdroxv-3.3.a-trifluoro- 

i(S). fphenvimethvnproDVtl-L^p roiinamide 

and 

N-(mnrphQlino-1-carfaonvlWL-tihenvlala nvl-N-r2fR.SVhvdroxv-3.3.3-trifluoro: 

15 l(R)-fohenvlmethvnprop vn-L-prolinamide 

The product of Example 13B (free acid. 404 mg) and the product of the 
preceding Example (250 mg) were coupled according to General Procedure A, to yield 
500 mg of crude product which was purified on silica eluting with ethyl acetate-hexanes. 

" Three fractions were thus obtained (distinguished by V^C): less polar material (135 mg. 

20 24%. TLC R, 0.21 in ethyl acetate), more polar material (164 mg, 29%, TLC R, 0.16 in 
ethyl acetate), and a mixture (1 1 9 mg. 21 %) of the above. Less polar band: LSIMS 577 
(100%. MH*), 317 (50%), 261 (50%). 233 (40%). More polar band 577 (MH*. 100%). 

317 (80%). 261 (80%). 233 (65%). • 

D. N-/mQmholino-1 -carbon vn-L-p henvlaianvl-N-ra 3 3-trifluoro-2-oxo-1 (S)- 

25 (phenvlmeth Y«)propvn-L-prolinamlde 

The less polar product of the preceding Example ((125 mg) was converted by 
Procedure C (ethyl acetate extraction) to 117 mg of crude material which was purified 
on silica gel eluted with ethyl acetate-hexanes followed by ethyl acetate to yield 72 mg 
(57%) of the title substance. (TLC R, 0.40 in ethyl acetate). By HPLC (50/50 System B). 

30 less than 0.5% of the Isomeric product of Example 1 5 was present in this sample. No 
Isomerization of the title substance to the product of Example 15 occurred In 24 hours 
at 25-C In 1:1 acetonitrile-pH 7 phosphate buffer (HPLC. System B). In contrast, a 



wo 93/25574 PCr/US93/03625 



-57- 



sample stored in 1:1 acetonitrile-pH 9 borate buffer for 18 hours Isomerized to a 1.2: 
1 mixture of the title substance and that of Example 15, respectively. 

LSIMS 593 (MH^+HP, 50%), 575 (MH*. 40%). 261 (90%). 233 (100%). 

Example 15 

6 M.fmorphoiino-1-r^arbonvn-L-p hpnvlalanvl-N-f^ 3 3-trlfluoro-2-oxo-1 (R)- 

(phonYlmethvl^proPY 'l-L-Pro'inamide 

The more polar product of the preceding Example (155 mg) was converted by 
Procedure C (ethyl acetate extraction) to 119 mg of cmde material wfhich was purified 
on silica gel eluted with ethyl acetate-hexanes followed by ethyl acetate to yield 55 mg 

10 (35%) of the title substance. (TLC R, 0.20 in ethyl acetate). By HPLC (50/50 System B). 
about 5% of the product of Example 14D was present in this sample (retention times 
4.96 (product of the instant Example) and 5.46 minutes (product of Example 14d). This 
material stored in 1:1 acetonltrile-pH 9 borate buffer for 18 hours isomerized to a 1:1.2 
mixture of the title substance and that of Example 14D. respectively. 

15 LSIMS 593 (MH*+H,0. 60%). 575 (MH\ 20%). 333 (40%). 261 (70%). 233 

(40%). 

Example 16 

Kl-f A.oxoDiDeridiP^i .r.arbonv».L- phenvlalanv|.N.r3 3 3.trlfluoro.2-oxo-1 (S)- 
(phenvimeth v»)propvll-L-prQHnamlde 
20 A. M./A^xoDiperidina.l.earbonvn. i ^hanvlalanvl-l -nrollne benzyl ester 

The product of Example 10B (30.5 g) was coupled to proline benzyl ester using 
Genera! Procedure A and the crude product (45.3 g) triturated three times vi/Hh hexanes 
to yield 43.4 g of an orange solid. A portion (38.1 g)ofthis material was dissolved with 
heating In 260 mL ethyl acetate and 1 00 mL hexanes was added. The resulting solution 
25 on standing 15 hours at 25oC deposited light beige crystals which were collected by 
filtration and washed with hexanes to yield 5.44 g of the title substance. (TLC R, 0.16 
ir, ethyl acetate). Anal. Calcd for C„H3,N305: C. 67.91 . H. 6.54; N. 8.80. Found: C. 

67.35; H. 6.37; N, 8.67. 

B. M.(A^xopipepriine.1-cari3on Y')-»-Phenvlalanvl-L-proline 

30 The product of the preceding Example (3.0 g, 6.28 mmol) was shaken with 300 

mg of 20% Pd(0H)2/C In 30 mL methanol and 3 mL acetic acid for 1 hour at 25<'C and 
50 P.S.I. hydrogen pressure. The resulting mixture was filtered through Supercel 
(trademaric) and the cake washed well with methanol. The filtrate was concentrated and 
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the residue dissolved in ethyl acetate (50 mL). The resulting solution was washed with 
water (3 x 25 mL) and brine (25 mL). Tetrahydrofuran (25 mL) and IN HCI (25 mL) 
were added, and the resulting mixture stirred at 25«>C for 15 minutes. The aqueous 
layer was separated and the organic layer dried and concentrated. The dried residue 
5 weighed 510 mg (21%) and was homogeneous by TLC (R, 0.3 in 18/2/1 CHCl3-ethanol- 
acetic acid). 

LSIMS 388 (MH*. 85%). 273 (100%). 245 (55%). The aqueous layers were 
saturated with NaCI and extracted twice with chlorofomn to yield an addftional 1.80 g 
(74%) of product. 

,0 C. N.f/l.QxoDiDeriHinB.1-carbonvn -L-Dhenvlalanvl-N-f?(R,S)-hvdroxy-3,3,3- 

♦rifii inrft-i f s Wohenvi methvl^DroDvn-L-prolinamide 

and 

M.fA.nyQplDeridine-1-carbonvn-L-Dhe nvlalanvl-N-r2rR.S)-hvdroxv-3.3.3- 
trifluoro-l fR).(phenvlmeth yl^prQDvn-L-Drolinamide 

15 The product of the preceding Example (500 mg) and the product of Example 

14B (300 mg) were coupled according to Genera! Procedure A, to yield 659 mg of 
crude product which was purified on siHca eluting with ethyl acetate-hexanes. ethyl 
acetate, and 1% ethanol in ethyl acetate. Three fractions were thus obtained 
(distinguished by TLC): less polar material (184 mg, 27%; TLC R, 0.58 in 18/2/1 

20 CHjClj-ethanol-NH^OH). more polar material (228 mg. 33%; TLC R, 0.44 in 18/2/1 
CHjClz-ethanol-NH^OH), and a mixture (121 mg. 17%) of the above. 

D. N-f4-oxoDiDeririine.l.cafbonvl) -t-Dhenvlalanvl-N-r3.3.3-trifluoro-2-oxo-1(S)- 

(phen YimethvhDrop Yn-' -proHnamide 

The less polar product of the preceding example (163 mg) was oxidized 

25 according to General Procedure C, and the cmde product (116 mg). isolated by 
chlorofomi extraction, was purified on silica eluted with ethyl acetate-hexanes, ethyl 
acetate, and 1% ethanol In ethyl acetate to yield the tftle substance (98 mg. 84%), (TLC 
R, 0.16 In ethyl acetate). By RP-HPLC (40/60 System B) this product contained 3% of 
the less-retained product of Example 17. 

30 LSIMS 605 (20%. MH*+H,0), 587 (40%. MH*). 333 (80%). 315 (70%). 273 

(70%). 245 (100%). 

Anal.CalcdforC3oH33NAF3«1-5HjO: C. 58.71; H. 5.91; N, 9.13. Found: C. 
59.04; H. 5.82; N. 8.96. 
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Example 17 

N.(4.oxoDiDeridinp.l-carbonvn-t--phenvlalaP vl-N.r3.3.3-trifluoro-2-oxo-1(R)- 

(phenvtmethYOproPvll-L- prolinamide 

The more polar product of Example 16D was (153 mg) was oxidized according 
5 to General Procedure C. and the crude product (90 mg), Isolated by chloroform 
extraction, was purified on silica eluted with ethyl acetate-hexanes, ethyl acetate, and 
1% ethanol in ethyl acetate to yield the title substance (35 mg, 23%). RP-HPLC 
indicated this product contained 7% of the more retained product of Example 16D. 

LSIMS 633 (MH^+CjHsOH, 40%), 605 (30%. MH^+HP). 587 (MH*. 40%). 361 
10 (60%). 333 (40%). 31 5 (60%), 273 (70%). 245 (70%). 

Example 18 

M-(mQrDhoiino-1-carbonvn.L -phenvlalanv|.N-f3.3.3-trlfluoro-2-oxo-1fS)- 
( r Yrlohexvlmethvl^p rftpv»-L-prolinamide 
A. 9-Nitro-1 ^vc lohexvlethane 
15 2-cyclohexylethyl bromide (50 g, 0.26 mol) was added to a mixture of sodium 

nitrite (31 g. 0.45 mol) in dimethylfonnamlde (500 mL) at S^C and the mixture was 
stirred for 10 hours at 50C and for 8 hours at 20«>C. The resulting solution was poured 
into Ice-water (1 .5 L) and the mixture extracted with petroleum ether (3 times 150 mL). 
The organic layers were combined and washed with water, dried, and concentrated. 
20 The residue was distilled through an 8 inch fractionating column to yield a Iower4)oiling 
material and 18.3 g of coloriess liquid, bp 70.80«>C at 2 Torr. The latter was redistilled 
in the same apparatus with further separation of a low boiling fraction to yield 16.4 g 
of colorless liquid, bp 45-55«»C at 0.5 Torr. containing less than 2% of the lower boiling 
Impurity which was Identified as the conresponding nitrite ester. Anal. Calcd for 
25 CgH^NOj: C. 61.12; H, 9.62; N, 8.91. Found: C. 60.57; H. 9.47; N. 9.37. 
B. .'<.Nitro-4-CVClohexvl-1 .1 .1 -t rifltiorQ-2.butanol 

CAUTION! A caution has been raised that the distillation of substances of this 
type can lead to ©cploslon (USP 5055450). 

A mixture of the product of the previous Example (15.2 g. 96.7 mmol) and 
30 anhydrous potassium carbonate (200 mg. 1.45 mmol) was treated at 25«>C with 
trinuoroacetaldehyde hydrate (16.8 g. 145 mmol and the mixture was stin-ed at BQOC 
for 4 hours and at 60-C for 8 hours. The mixture was chromatographed on 1 00 g silica 
eluted with 1:10 ettier-hexanes to yield 24 g of impure product which was 
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chromatographed on 300 g silica eluted with 1:15 and 1:10 ether-hexanes to yield 20.2 
g (82%) of the title product as a light yellow oil. (TLC R, 0.50 and 0.42 in 1:2 ether- 
hexanes). 

C. .'^-Amlno-4-cvelQhexvl-l .1 ■ 1-trifluoro-2-butanol 

5 Asolution of the product of the preceding Example (20.1g, 0.078 mol) in ethano! 

was shaken with water-wet Raney nicl<el (5 g) (Aldrich Chemical Co.) under 45 p.s.i. 

hydrogen pressure al 25°C for 16 hours. The mixture was filtered through Supercel. 

and the cake washed well with methanol. The filtrates were concentrated to yield a 

greenish waxy solid which was washed on the filter with hexanes and dried; 11.02 g 
1 0 (62%) of the title substance was thus obtained as a colorless solid. (TLC R, 0.1 (major 

substance) and 0.3 (minor substance) in ethyl acetate). 

D. IM.fmorDholino-l-carbonvn-L-p henvlaianvl-N-P-hvdrQXV.3.3.3-trifluoro-1- 

(ft Yft'Qhexvlmethv» prf>pYll-L-Drolinamide 

The product of Example 13B (363 mg) was coupled to the product of the 
15 preceding Example (239 mg) by General Procedure A. and the cmde product (514 mg) 
was purified on silica and sequentially eluted with ethyl acetate-hexanes. ethyl acetate. 
1% and 2% ethano! In ethyl acetate to yield 446 mg (79%) of the title substance as a 
mixture of (presumably four) Isomers. (TLC R. 0.61 and 0.59 In 18/2/1 CH,CI,-ethanol- 
NH4OH). 

20 LSIMS 583 (MH* . 60%), 323 (50%). 307 (100%). 

E. N-f morDhollno-1 .rarbonvn-L-P hpnvlatanvl-N-f3 3.3-trifluoro-2-OXO-1 (S)- 
(ft yftlnh6xylmethvl) propvn-L-Drolinamide 

The product of the preceding Example (419 mg) was oxidized by General 
Procedure C to give 372 mg of crude product, Isolated by dichloromethane extraction, 
25 which was purified on silica and sequentially eluted with 1%. 2% and 4% ethanol in 1 :1 
ethyl acetateKfichloromethane. Two fractions were obtained, the less polar title 
substance (39 mg 9%; TLC R, 0.21 in 1:1:0.1 ethyl acetate-CHjCI^-ethanol). and the 
product of the following Example. 

LSIMS 613 (MH*-hCH30H. 10%). 599 (MH*+HjO. 10%). 581 (MH*. 40%). 261 

30 (100%), 233 (60%). 
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F. N-/moroholino-l -earbonvh-L-phenvlalanvl- N-r3.3.3-trifluoro-2-oxo-1 (R.S)- 
(eYclohexvlmethvl)DroDvn-L-pr olinamide 

The second product to etute Irom the chromatography of the product of the 
preceding example was a mixture of the above substance and the more polar 1{R) 
5 isomer (294 mg. 70%; TLC R, 0.15 in 1:1:0.1 ethyl acetate-CH^CI^-ethanol). The two 
substances contained in this product were not distinguishable by RP-HPLC in System 
B (60/40). 

LSIMS 627 (MH^+C^H^OH, 599 (MH^+HjO), 581 (MH* 33%), 261 (100%). 233 

(60%). 

10 Anal. Calcd for C„H39N,05F3.2.3 H,0: C. 55.99; H. 7.06; N, 9.01 . Found: C. 

56.17; H. 6.67; N. 8.54. 

Examole 19 

M^4-fmethvlamlnQ^piDeridine-1-c arbonvlVL-Dhenv1alanvl-N-r3.3.3-trifluoro-2-oxo- 

ifS). (phenyimethv l)prQpvn-L-Drolinamlde 
,5 A. N-f4-fmethvlamino)piDeridine- i-earbonvn.L-nhenvlaJanvl.L-Drolineben?Vl 

ester 

Sodium cyanoborohydride (441 mg, 1.2 equiv) was added to a mixture of the 
product of Example 16A (2.79 g. 5.84 mmol). methylamine hydrochloride (1.972 g, 29.2 
mmol), anhydrous sodium acetate (4.79 g. 58.4 mmol), and sA molecular selves (600 

20 mesh, 2.8 g) In methanol (30 mU at 0°C and the mixture was stin-ed at 25»C for 16 
hours. The mixture was filtered through Supercel (trademark) and the filtrate 
concentrated. The residue was dissolved in ethyl acetate (125 mL) and the resulting 
solution washed with IN NaOH.(3times 20 mL). dried and concentrated. The residue 
was chromatographed on 100 g silica packed in 1% ethanol/1% NH4OH- 

25 dichloromethane and eluted with this solvent, followed by 2%. 5%. 10%. 20%. and 40% 
ethanol-dlchloromethane (500 mL portions, all containing 1% NH,OH). to yield the title 
substance (2.45 g, 85%). (TLC R, 0.35 in 1:4 ethanol-dichloromethane containing 1% 
NH4OH). 

LSIMS 493 (MH*. 100%), 288 (80%). 
3Q N-f4-rN-f n .1 ^imethvlethox Y)earbonvilmethvlamino1piperidine- 

i^«rhnr ^Yn-L-Dhen Y'a'a"v'-L-Pr9""e benzvl ester 

Dl-t-butyldlcarbonate (1.17 mL. 5.1 mmol) was added to a solution of the 
product of the preceding Example (2.29 g. 4.64 mmol) In tetrahydrofuran (15 mL) at 
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250C and the resulting mixture was stirred at 25°C for 15 hours. The nilxture was 

concentrated, the residue dissolved in ethyl acetate (100 mL) and the resulting solution 

was sequentially washed with IN HCI (20 mL). brine, dried, and concentrated to yield 

2.8 g of the title product, (TLC R, 0.3 in ethyl acetate). 

5 LSIMS 593 (MH*. 70%), 388 (1 00%). 

Q lM.[A.rN.fn.1-dimethvlethnxY)carbonvn methvlaminolpiperidine-1- 

^.Thnn yll-l-phenvlala nvl-L-Droline 

A solution of the product of the preceding Example (2.50 g. 4.23 mmol) In 
methanol (40 mL) was shaken with 300 mg 20% Pd(OH)^C at 50 p.s.l. hydrogen 
10 pressure at 25"C for 15 hours. The mixture was filtered through Supercel (trademark) 
and the filtrate concentrated and dried to yield 2.36 g of the titte substance, (TLC R, 
0.59 in 18/2/1 CHCIa-ethanol-HOAc). 

LSIMS 503 (MH*. 50%). 388 (100%). 

D M-[A.fN-fM.1-dlmethvletho ^Y)carbonvnpnethYtaminolpiperidine.1- 
15 ..rKon yiVl ^henvl ^'^.n Y'-'^-^^^R S^-hv^^"^-'^ 3 ;^trifluoro-1(S)-(rYclohexvlmethYl)propYn- 
t-prollnamide 

and 

M.f^-fKl.fn.1-dimethyl6thoxv> c «rbQnvnmethYlaminolDiperidine-1- 
,.^»»yqj.phon Yl^lanvl.N.[2f Ry^ )-hvHrow.3.3.3.triflnoro-1fR)-(cYclohexYlmethvl)prop^ 

20 L-prolinamide 

The product of the preceding Example (649 mg) was coupled to the product of 
Example 14B (300 mg) by General Procedure A and the cmde product (765 mg) was 
purified on silica and sequentially eluted with 2.5%, 5%. 10% and 20% ethanol In 1:1 
dichloromethane-ethyl acet^e to yield the less polar, first-titled product (78 mg. 9%), 
25 (TLC R, 0.19 In 0.1 :1:1 ethanol-dlchloromethane-ethyl acetate). 
LSIMS 704 (35%. MH*). 388 (100%). 

Also obtained was the more polar, second-titled product (194 mg, 23%). (TLC 
R, 0.09 In the same TLC system), LSIMS 704 (35%). 388 (100%). A third fraction 
containing 208 mg (25%) of a mixture of the two products was also obtained. 

30 
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E. N.r4.fN-rM.1-dimethvlethoxv^earbon vnmethvlaminolpiperidine-1- 
r«rhnnYn.L.Dh6nvlalanvUN-f3.3.3.trifl u oro.2.oxo-1(S>-(phenvlmethYl)propYn-L- 

proiinamide 

The first-trtled, less polar product of the preceding Example (65 mg) was 
5 oxidized by General Procedure C to yield crude product (67%), which was isolated by 
chloroform extraction. The crude product was purified on silica and eluted with ethyl 
acetate-dlchloromethane to yield 52 mg of the title substance. (TLC 0.24 in 0.1:1 :1 
elhanol-dichloromethane-ethyl acetate). 

LSIMS 748 (MH^+CjHsOH, 5%). 720 (MH*+Hp. 10%). 702 (MH*, 18%), 388 

10 (100%). 

The title product was also obtained alternatively by oxidation of the third fraction 

referred to in Example 1 9D (mixture of first and second-titled products of Example 19D) 

(188 mg) according to General Procedure C, to yield crude product (191 mg) which 

was isolated by chloroform extraction and purified on silica, and sequentially eluted wHh 

15 1%. 2% and 4% ethanol in 1 :1 dichloromethane-ethyi acetate. The less polar substance 

(91 mg) was identical by TLC and NMR to that obtained immediately above and 

different from the product of Example 20A. A mixture of this substance and a more 

polar product was also obtained (99 mg). 

F. N-fmPth^/lamino^nineridlne■1■caf^ ^ftn^ll\.L^henvlalanvl-N-f3,3.3-trifluoro•2- 

20 oxo-1 f SWphenYlmethv1^p rQpvn.L.prolip«midB hydrochloride 

The product of the preceding Example (78 mg) was dissolved In trlfluoroacetic 
add (1 mq at 25'C for 30 minutes. The mixture was concentrated, the residue 
dissolved in ethanol (1 mL) and the resulting solution treated wnth 0.20 mL 1 N HCI. The 
solution vtfas concentrated and the crude product ground to a fine powder, triturated 
25 with ether and dried (61 mg. 87%). The product of Example 20B could not be detected 
in this material by RP-HPLC (30/70). System B. 

LJSIMS 634 (MH^-hCHjOH). 602 (MH*. 309 (33%). A sample which was heated 
at 55«C for 18 hours showed about 20% conversion to the product of Example 208. 



30 
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Exetmple 20 

KI-(4-fmethvlamino^Diperidine-1-carbonvn- L-Dhenvlalanvl-N-I3.3.3-trifluoro-2-oxo; 

l(R)-fphenvlmethvl) propvl1-L-prolinamide 

fi, N.(4-fN-rn-1-dim6thvlethoxv^carbonvnmeth vlaminolpiperidine-1- 
5 r>flrbQnvl1-L-phftnvlalanvl-N-f3.3.3-trifluo r o-2-oxo-Um-fphenvlmethvl)propvn-L- 

prolinamide 

The second-titled, more polar product of Example 19E (174 mg) was oxidized 
by General Procedure C to yield cnjde product (168 mg), isolated by chloroform 
extraction, which was purified on silica eluted with 1%. 2%. and 4% ethanol- 
10 dichloromethane to yield the title substance (124 mg. 71%), (TLC R, 0.11 In 0.1:1:1 
ethanol-dichloromethane-ethyl acetate). 

LSIMS 748 (MH^+C^HsOH, 10%), 702 (MH*. 20%). 388 (100%). 

B, N-r4-fmethvlamino)piDeridine-1-earbon vf)-L^ahenvlalanvl-N-r3.3.3-tl1fluoro- 

9^xQ-imVfphenvlmethvnprop vn-L-prolinamide 
15 The product of the preceding Example (54 mg) was treated sequentially with 

trifluoroacetic acid and IN HCI as described for the preparation of the product of 

Example 19F. The crude product was redissolved in ethanol. filtered, concentrated. 

and the residue triturated with ether and dried at 25'»C to yield 35 mg (72%) of a 

colorless powder. The product of Example 19F was distinguishable from and not 
20 present in this product by RP-HPLC. 

LSIMS 648 (MH^+CjHjOH. 5%). 634 (MH^-hCHjOH. 20%). 620 (MH*+HjO, 

10%), 602 (MH*. 15%). 288 (100%). Anal. Calcd for C3,H3jN804CIF5«3H,0: C, 53.79; 

H, 6.55: N. 10.12. FountJ: C. 53.82; H. 6.25; N. 9.97. 

Example 21 

25 M-f4-rN-methylamlnolp iperidine-1-earbonvn-L-valvl-N-r3.3.3- 
♦rifliinrft.9-Qxo-l fSVfphenvlmethvl^p ropvn.L-prolinamide hydrochloride 

A. N-(4-IN-[(1 .1 .dimethylethoxy)carbonyl]methylamino)piperidine-l -carbonyl) 

-L-valine benzyl ester 

A solution of L-valine benzyl ester p-toluenesulfonate (7.13 g. 18.8 mmol) and 
30 triethylamine (2.90 mL. 20.6 mmol) in dichloromethane (40 mL) was added to a stirred 
0-5»C slurry of carisonyldiimidazole (3.34 g, 20.6 mmol) and imidazole (2.56 g, 37.6 
mmol) in dichloromethane (95 mL) and the resulting mixture was stirred at 25*'C for 30 
min. A solution of 4-IN-I{1.1- dimethylethoxy)carbonylJmethylamino)piperidine (EP 
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457,686, Example 11B therein, 4.00 g. 18.8 mmol) In dichloromethane (20 mL) was 
added and the mixture stin-ed at 25«>C for 7 days. The resulting solution was washed 
with 2N HCI (2 X 100 mL), IN NaOH, dried, and concentrated. The residue was 
chromatographed on silica eluted with ethyl acetate-hexanes giving the title substance 

5 (5.54 g, 66%). 'H NMR (CDCy 6 0.84 (d, 3H, J= 6.9 Hz), 0.91 (d, 3H. J = 6.9 Hz), 
1.44 and 1.45 (s, 1:9 ratio, 9H total), 1.5-1.7 (m. ca. 4H). 2.14 (m, 1H). 2.68 and 2.71 
(s. ca. 9:1 ratio. 3H total), 2.85 (m, 2H), 4.04 (brand m, 3H total), 4.48 (dd, 1H, J = 4.7. 
8.4 Hz), 4.94 (d. 1H. J = 8.3 Hz). 5.10 (d. A of AB, 1H, J = 12.2 Hz). 5.20 (d, B of AB, 
1H, J = 12.2 Hz), 7.34 (m. 5H). Anal. Calcd for Cj4H37N3O8«0.25 HjO: C, 63.76; H, 

10 8.36; N, 9.29. Found: C, 63.98; H. 8.11; N, 9.07. 

B. . N-f4-rN-rn .1 -dlmethvlethoxv^carbonvnm ethvlamino^piperidine-l-carbonvl) 

-L-valine 

The product of the preceding example (5.14 g, 1 1 .5 mmol) was added to 1 .5 g 
of Pd(0H)2/C (20% Pd content, Aldrlch) in methanol (65 mL) and the resulting mixture 

15 was shaken under 30 p.s.l. hydrogen pressure for 30 min. The mixture was filtered 
through methanol-washed filter aid and the filtrates were concentrated giving the title 
product as a colorless foam (3.96 g. 97%). 'H NMR (CDCI,) S 0.94 (d. 3H, J = 6.8 Hz), 
0.98 (d. 3H. J = 6.8 Hz), 1.45 (s, 9H), 1.5-1.75 (m. 4H), 2.19 (m, 1H), 2.69 (s. 3H. 
NCHa), 2.85 (m, 2H. CONCHj). 4.2- 4.0 and 4.04 (br and m. 3H total. CONCH and 

20 CONCHj). 4.25 (dd. 1H. NCHCO). 5.07 (d. 1H. J = 8.1 Hz. NH). Anal. Calcd for 
C„H3,N30b: C, 57.12; H, 8.74; N. 11.76. Found. C. 55.56; H. 8.17; N. 10.92. 

C. N-f4-f N-f f 1 ■ 1 .dimethvlethoxv^caft)onvnm ethvlamino>p}peridine-1 -carbonyl) 

-L-valvl-L-proline benzvl ester 

The compound was prepared in a manner according to the procedure described 
25 as General Procedure A. The product of the preceding Example (2.26 g. 6.32 mmol) 

was coupled to proline benzyl ester hydrochloride (1.53 g. 6.33 mmol) to yield crude 

product (2.96 g, 86%) vi/hich Mtas used without further purification. 'H NMR (CDCy 6 

0.90 (d. 3H. J = 6.7 Hz). 0.98 (d. 3H, J = 6.7 Hz). 1.44 (s. 9H), 1.5-1.7 (m. ca. 4H). 

1.9-2.1 (m, ca. 4H), 2.20 (m, 1H), 2.68 (s, 3H), 2.80 (m. 2H). 3.65 (m, 1H). 3.88 (m. 1H). 
30 4.0-4.2 (m, 3H). 4.45 (dd, 1H, J = 6.7, 8.7 Hz), 4.54 (dd, IH. J = 5.2. 8.8 Hz). 5.12 (d. 

A of AB. IH. J = 12.3 Hz). 5.17 (d. B of AB. IH. J = 12.3 Hz). 7.32 (m, 5H). Anal. 

Calcd for C,9H^N4Oe-0.5HjO: C, 62.90; H. 8.19; N, 10.11. Found: C, 62.88; H. 8.16; 

N, 9.99. 
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D. N-f4-rN-f(1 .1 -dimeth\^ethoxv^cafbonvl1methvlamin o^Diperidine-1-carbonvl) 
-L-valvl-L-proline 

According to the procedure forthe preparation of the compound of Example 21 b 
the product of the preceding Example (2.83 g, 5.35 mmol) gave 2.31 g (95 %) of the" 

5 title substance as a colorless foam. 'H NMR (CDCI,) S 0.93 (d. 3H, J = 6.6 Hz). 0.98 
(d, 3H. J = 6.6 Hz). 1.44 (s, 9H), 1.5-1.7 (m. 4H). 2.05 (m. 3H). 2.20 (m. 2H). 2.68 (s, 
3H). 2.80 (m. 2H). 3.62 (m, 1H), 3.92 (m. 1H). 4.05 in 4.0-4.2 (m over br. 3H total), 4.41 
(m, 1H), 4.53 (m. 1H). 4.9-5.3 (br. 1H). 5.50 (d. 1H. J = 8.6 Hz). LSIMS 455 (MH*. 
30%). 340 (100%), 284 (30%), 256 (20%). 185 (38%). Anal. Calcd for Cj2H38N406«HjO: 

10 C, 55.91; H. 8.53; N. 11.86. Found: C, 55.74; H, 8.46; N, 11.57. 

E. . N-r4-rN-rf1 . 1 -dimethvlethoxv^carbonvl1 methvlamlnolDiDeridine-1 -carbonvll 
-i-wii Yt-N-f3mSVhvdroxv-33.3^trifluorQ-im.S^fcvc lohexvlmethvl^Dropvn-L-prolinamide 

The compound was prepared In a manner according to the procedure described 
as General Procedure A. The product of the preceding Example (463 mg, 1 .02 mmol) 
15 was coupled to the product of Example 14B to give 673 mg (103%) of the title 
substance as a mixture of diastereomers which was used without further purification. 
'H NMR (CDCI3, partial) 6 0.9-1.0 (doublets. 6H. (CH3)2CH). 1.45 (s. 9H. (CHa),^, 2.7 
and 2.72 (singlets, 1:1 ratio, 3H total. NCH,), 7.1-7.4 (m. 5H. aromatic). "F NMR 
■ showed four doublets (J = ca. 7 Hz) in 3:1:2:5 ratio at -74.54. -75.02, -75.18. and -75.5 
20 ppm, respectively. Four additional doublets were obsen/ed (8% of tiie total integration) 
between -76.4 and -77.5 ppm. LSIMS 656 (MH*. 20%), 340 (100%), 317 (20%). 284 

(20%), 256 (18%). 185 (35%). 

F. Kl.f4-fN-rn .1 -dimethvlethoxv^carbonvllm ethvlamlnolpiperidine-l -carbonvll 

j.valY»-N-f3.3.3-trifluoro-2-oxo-1fSWfphenvlmet hYt)propvn-L-prolinamide 
25 The product of ttie preceding Example (560 mg. 0.87 mmol) was oxidized by 

General Procedure C to give 514 mg of cmde product, isolated by chlorofonn 

extraction, which was purified on silica eluted wrth 1:1 dichloromethane-ettiyl acetate. 

followed by 1%, 2%. 4%. and 10 % ethanol in 1:1 dichloromettiane- ettiyl acetate. 

Three fractions were obtained, the less polar title product (151 mg), the more polar 
30 product of the folloviring example, and a mixture of ttie two substances (127 mg). The 

less polar titie product contained less tiian 1% of tiie more polar product of tiie 

following example by HPLC. 'H NMR (CDCI3. 300 mHz) 6 0.79 (d. 0.4H, J = 6.8 Hz). 

0.83 (d. 0.4H, J = 6.8 Hz), 0.94 (d. 2.6H. J = 6.7 Hz). 0.99 (d. 2.6H. J = 6.6 Hz). 1.46 
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(s, 9H). 1 .55-2.0 (m, ca. 7H). 2.16 (m, 1H). 2.68, 2.69, and 2.72 (s. ca. 2:2.5:9 ratio, ca. 
3H total), 2.75-3.1 (m. ca. 3H). 3.35 (dd, 1H), 3.88 (m, 1H). 3.95-4.15 (m. ca.3H). 4.37 
(d. 1H. J = 7.6 Hz). 4.55 (dd. ca. 0.2H). 4.64 (m. 1H), 4.89 (d. 1H. J = 7.8 Hz), 5.04 (m. 
ca 0.5H), 7.1-7.35 (m. 5H), 7.4 (d, 1H). '»F NMR (282.4 mHz. CDCy 6 -76.0. -76.5; 

6 -82.4. -82.5 (0.5: 2:5.7:1.3 Intensity ratio, respectively). Tlie ratio of the combined 
integrals of the -82.4 and -82.5 resonances (presumably hydrate) to the -76.5 and -76.0 
resonances (presumably ketone) was 6.33. It Is presumed that nonequivalent rotational 
Isomers were obsen/ed. LSIMS 700 (MH^-fC^H^OH. 8%). 672 (MH*-l-H,0. 8%), 654 
(MH*. 10%), 340 (100%), 284(20%), 256 (18%), 185 (38%). Anal. Calcd for 

10 C3jH4eN60eF, • 1.25 H,0: C, 56.83; H, 7.23; N, 10.36. Found: C. 56.68; H. 7.16; N, 
10.14. 

G. M-f4-rN-r(1 .1 ^imethvletho)w^eafbonvl1me *h\/taminolDiDeridine-1-carbonvll 
.i-val Yl.Nl-[3.3.3-trifluoro-g-Qxo.imW phenvlmeth\/l)prQPvn-L-Drolinamlde 

A second substance eluted from the chromatography of the product of the 

15 preceding example (103 mg). HPLC showed It to contain about 10% of the product of 
the preceding example. 'H NMR (CDCU. 300 mHz) S 0.8-1.0 (overlapping d. 6H total). 
1.45 and 1.46 (s. 9H total), 1.6-2.0 (m. ca 7 H). 2.3 (m. ca. 0.5H), 2.68 and 2.69 (s, 3H 
totaO. 2.75- 2.9 (m. ca. 2H), 3.11 (m, ca. 0.5H), 3.21 (dt. 1H). 3.38 (m. ca. 0.5H). 3.5 (m. 
1H). 3.77-4.25 (m, ca. 4.5H). 4.25-4.5 (m, 1.5H), 4.55 (d, 0.5H), 5.0-5.2 (m. 1H), 6.05 

20 (d, 0.2H), 6.76 (d, 0.3H). 7.1-7.35 (m, 5H), 7.75 (d, 0.2H). "F NMR (CDCI,. 282.4 mHz) 
6 -75.9 (s, 0.45 F). -76.1 (s, 0.12 F), -76.5 (0.03 F). -76.6 (s. 0.72 F). -77.0 (s, 0.12F), 
-81.5 (s, 0.03F), -81.7 (s. 0.87 F), -82.3 (s, 0.21F), -82.7 (s, 0.45 F). The -76.5 and -82.3 
resonances (0.25 F, ca. 10% of total) are attributed to the 1(S) diastereomer (product 
of Example 21f) which was present by HPLC at approximately the 10% level. LSIMS 

25 700 (MH**C2H50H. 10%). 654 (MH*. 10%), 340 (100%). 284 (20%), 256 (20%). 185 
(36%). Anal. Calcd for C^H^NsO.F, • 1 .25 H^O: C, 56.83; H, 7.23; N. 10.36. Found: 

C, 56.81; H, 7.18; N, 10.20. 

H. NI.[A-fN-methY»aminQlpiperidine.1-eaifeonv l1-L-valvl-N-[3.3.3-trinuoro-2-oxo- 

1 (R^- fp hpn ylmethvltoro pyn-L-prolinamide hydrochloride 
30 The product of Example 21f (122 mg, 0.186 mmol) was dissolved at 0°C in 

trifluoroacetic add (4 mL) and the resulting solution was stirred at this temperature for 
15 min. The mixture was evaporated and the residue dried at 0.05 mm and dissolved 
in several mL isopropyl alcohol. The resulting solution was treated with IN HCI (0.2 
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mL) and concentrated. The residue was dried at 0.05 Torr for 30 min and the residual 
oil trituraled to a colorless solid with ether. Drying gave the title substance (105 mg. 
96%) as a coloriess solid. HPLC (retention time 5.93 min. 30/70 System B) showed 
none of the Isomeric substance of Example 'H NMR {D,0. 300 mHz) 6 0.84 (d, 3H. J 

5 = 6.8 Hz), 0.87 (d. 3H. J = 6.8 Hz). 1.44 (m. 2H). 1.64 (m, 1H). 1.7-1.95 (m. 3H). 2.00 
(m. 1H). 2.08 (m. 2H). 2.66 (s. 3H). 2.73 (dd. 1H. J = ca. 9. 11 Hz). 2.88 (dt. 2H). 3.25 
(m. 2H). 3.56 (m. 1H). 3.75 (m, 1H). 4.05 (m. 2H). 4.14 (d. 1H, J = 8.2 Hz). 4.30 (dd. 
1H. J = 4.8, 8.5 Hz), 4.38 (dd, 1H, J = ca. 3, 8.4 Hz). 7.1-7.25 (m. 5H). Resonances 
attributable to the ketone fonn (present at 10% by "F NMR) were not distinguished In 

10 this or another sample where 33% of the ketone was present. NMR (DjO. 282.4 
mHz) 6 -76.1 (s. 0.3 F). -82.3 (s. 2.7F). This spectmm was taken on the Identical 
sample used to obtain the ' H spectrum above. In a separate sample, the ratio of these 
resonances was 1:3, respectively. Two additional singlets at -82.5 comprising 13% of 
the total integration were also obsewed in the latter sample, and in equal or lesser 

15 amount In the fonner sample. LSIMS 554 (100. M*+H). 440 (45). 315 (50). 240 (50). 
Anal. Calcd for C„H„NsO,F, • HCI • 3.5 H^O: C. 49.65; H. 7.10; N. 10.72. Found: C. 
49.96; H, 6.57; N. 10.44. 

Examole 22 

f0.fA.rM-methvlam?no1plDeridine- 1 -<^arhonvn-L-vaM-N-[3.3.3-trifluoro-2-oxo-1(R)- 
20 (pheAvlmethvl)proDvn-L-Dr olinamidehvdrochloride 

By the procedure of the preceding example (21 h). the product of Example 21 g 
(99 mg. 0.137 mmol) was deprotected with trifluoroacetic acid and converted to the title 
hydrochloride, which was triturated with ether, and thus obtained as a coloriess solid 
(70 mg. 86%). HPLC (retention time 6.77 min, 30/70 system B) showed 10% of the 

25 isomeric product of Example 21h (5.9 min retention time). 'H NMR (0,0, 300 mHz) 6 
0.8-1.1 (overiapping d. 6H total), 1.5 (m. 2H). 1.61 (m. 1H). 1.75 (m, 1H). 1 .93 (m. ca. 
3H). 2.12 (m, ca. 2H). 2.73 (s. 3H) overiapping 2.7 (m. 1H). 2.92 (m. 2H). 3.30 (m, ca 
2H). 3.46 (m.1H). 3.78 (m. 1H). 4.06 (m. 2H). 4.18 (d. 1H. J = 8.4 Hz). 4.22 (t. 1H. J = 
ca. 8 Hz). 4.53 (dd. 1H). 7.2-7.4 (m. 5H). ^'F NMR (D,0. 282.4 mHz) 6 -76.1 (s. 0.75F). 

30 -82.1 (s. 2.25F). An additional resonance was observed at -82.3. comprising 10% of 
the total Integration, which is attributed to the hydrate resonance of the L isomer, 
product of Example 21 h. known to be a contaminant in this sample at the 10% level by 
HPLC. LSIMS 554 (70. M*+H). 440 (45), 300 (100), 240 (70). Anal. Calcd for 
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C^HaeN^O^Fa • HCI • 3.5 H^O: C. 49.65; H, 7.10; N, 10.72. Found: C. 49.58; H, 6.77; 
N, 10.43. 

Example 23 

N-f4-rN-methvlaminolDiperidine-1-carbonvn-L-valvl-N-r2.3-d ioxo-3-1- 
5 methvlethoxv-1 fSVfphenvtmethvl>proDvll-L-Drolina mide hydrochloride 

A. N-r4-rN-f f 1 .1 -dimethvlethoxv)carbonvnmethvlaminolpiperidine-1 -carbonyll 
4.-valvl-N-r2(R)-hvdroxv-3-1-methvlethoxv-3K3Xo-1fS)-fphen\^fnethvl)p ropvll-L-prolinamide 

The compound was prepared in a manner according to the procedure described 
as General Procedure A. The product of Example 21 d (766 mg, 1.68 mmol) was 

1 0 coupled to isopropyl 3(S). 2(R)-3-amino-2-hydroxy-4- phenytbutanoate (USP 4.814,342, 
400 mg, 1 .68 mmol) to give 1.08 g (97%) of caide product which was purified on silica 
gel eluted with 50%, 67%, 75%. and 100% ethyl acetate in hexanes giving the title 
substance (669 mg, 60%). 'H NMR (CDCI3, partial) showed two rotamers in 
approximately 1:1 ratio, 6 0.94-1.01 (3-4 d, 6H total, J = ca. 7 Hz , valyl CHj's), 

15 1.18-1.27 (3-4 d, 6H total. J = ca. 7 Hz, OCH(CH3)2), 1.45 (s. 9H. Boc), 2.69 (2 s. 3H 
total, NCHj), 4.91 and 4.99 (septets, 1H total, J = ca. 7 Hz, OCH(CH3)2). 5.14 (d. 1H. 
J = ca. 9Hz, partially exchanges In 8h with added DjO). 6.98 (d, 1H, J = 9.6 Hz. litUe 
exchange in 8h with added 0,0), 7.44 (d. 1H, J = ca. 10 Hz, Httle exchange in 8h with 
added DjO), 7.2-7.4 (m. 5H). LSIMS 674 (MH*. 30%), 340 (85%), 335 (100%). 284 

20 (15%), 256 (22%), 185 (50%). Anal. Calcd for Oy^H^^U^O^. C, 62.39; H, 8.23; N, 10.39. 
Found: C. 62.16; H, 8.21; N. 10.08. 

B. N-f4-rN-rf 1 .1 .dimethvlethoxv>carbonvnmethv lamino1piperidine-1 - 
r.arhon yl].L-valvl-N-f2.3-diQXo-3-1-methvlethox\^1f SWphenvlmethYl)propvn.L-prolinami^ 

The compound was prepared in a manner according to the procedure described 
25 as General Procedure C. The product of the preceding Example (1 86 mg, 0.28 mmol) 
was treated with the periodinane. and the crude product, isolated by chloroform 
extraction, purified on silica eluted with 2:1 ethyl acetate-hexanes, ethyl acetate, and 1% 
ethanol In ethyl acetate, giving the title substance (153 mg, 82%). 'H NMR (CDCI3, 300 
mHz) 6 0.83 (d. ca. 2.2H, J= 7 Hz), a.84 (d. ca. 2.2H, J = 6.5 Hz). 0.9 (m. ca 2H). 0..93 
30 (d. ca. 0.7 Hz. J = ca. 7 Hz), 0.98 (d, ca. 0.7 Hz, J = ca. 7 Hz), 1 .28 (d. ca. 4.5 H, J 
= 6.3 Hz). 1.29 (d, ca. 1.5 H, J = 5.7 Hz). 1.44 (s, 9H), 1.45-1.7 (m. ca 4H). 1.80 (m. 
1H). 1.88 (m. 2H). 2.2 (m. ca 1H), 2.68 (s, 3H). 2.78 (m, 2H). 3.01 (dd. 1H. J = 6.5. 13.8 
Hz), 3.16 (dd, 1H, J = 6.4, 14.0 Hz), 3.45 (m, 1H), 3.72 (m. 1H). 4.0 (m. ca. 3H). 4.16 
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(dd. 1H). 4.50 (m, 1H), 5.02 (tn. ca 2H). 5.24 (q, 1H). 7.05-7.3 (m, 5H). LSIMS 690 
(MH*+HP. 5%). 672 (MH*. 20%). 340 (100%), 333 (30%). 284 (20%). 256 (20%). 185 
(40%). Anal. CaJcd for C.s^^^N^O^ • HjO: C. 60.94; H, 8.04; N. 10.15. Found: C. 

60.96; H. 7.82; N, 10.29. 
5 c. N-f4-rN-methvlaminolpiDeridine-1-ea rbonvn-L-valvl-N-r2.3-dioxo-3-(1- 

methylethoxvM fS)-fphenvlmethv»^Dropvn-L -prolinamide hydrochloride 

By the procedure of example 21 h, the product of the preceding Example (120 

mg) was deprotected with trifluoroacetic acid and converted to the title hydrochloride, 

which was triturated with ether, and thus obtained as a coloriess solid (92 mg, 84%). 

10 'H NMR (DjO. 300 mHz. partial) 6 0.91 (d, 3H. J = 6.7 Hz). 0.96 (d. 3H. J = 6.7 Hz), 
1.00 (d, ca. 1H, J = 7.1 Hz), 1.27 (d. 3H. J = 6.5 Hz). 1.32 (d, 3H. J.= 5.9 Hz), 1.54 
(m, 2H). 1.67 (m. 1H), 1.8-2.1 (m. ca 3H). 2.15 (m, 2H), 2.7 (dd. 1H. J = 11, 14 Hz), 
2.74 (s. 3H). 2.95 (m, 2H), 3.18 (dd. 1H, J = 12, 14 Hz). 3.46 (m, 1H), 3.64 (m. 1H), 
3.78 (m. 1H), 4.1 (m. 2H), 4.22 (d. 1H. 7.9 Hz), 4.35 (dd, 1H, J = 4.5, 8.5 Hz). 4.48 (dd, 

15 1H, J = 3, 11 Hz). 4.98 (septet. 1H, J = ca. 6 Hz), 7.2-7.4 (m. 5H). LSIMS 572 (70, 
M*+H), 458 (45), 354 (70). 315 (65). 250 (100). Anal. Calcd for C3oH45N80a • HCI • 
4HjO: C. 52.97; H. 8.00; N, 10.30. Found: C. 53.02; H, 7.33; N, 10.25. 

Examole 24 

N.f4-oxoDiDeridine-1-carbonv»WL-Dhenvialan vl-N-r2.3-dioyo-3-fO-methvl^ethoxv)- 

20 1-fphenvlmethvnDroPvn -L-prolinamide 

A. N-/4-oxoDiperidine-1-carbonvh-L-phenvlalanvl-N-r gfR^-hvdroxv-3-ai- 

mftthyl)athoxyl-3-oxo-1fSWfphenvlm ethvltoropvn-L-prolinamide 

The compound was prepared In a manner according to the procedure described 

as General Procedure A. The product of Example 16b (250 mg, 0.645 mmol) was 

25 coupled with isopropyl 3(S).2(R)-3-amino-2-hydroxy-4- phenylbutanoate (EP 4 814 342, 
168 mg, 0.710 mmol) to yield crude product (316 mg) which was chromatographed on 
silica packed In 2:1 ethyl acetate-hexanes and eluted with ethyl acetate followed by 3%, 
10%. and 20% ethanol in ethyl acetate, giving the trtle substance (242 mg, 62%). 
LSIMS 607 (40, M*+H). 335 (100), 281 (70), 221(75), 207(80). Anal. Calcd for 

30 C33H„N«07 • 3/4 HjO: C, 63.91 ; H, 7.07; N, 9.03. Found: C, 63.95; H. 7.23; N, 8.85. 



wo 93/25574 PCr/US93/036Z5 



-71- 



B. KI-f4^xoDiDeridinB-1 -carbonvIM -phPnvlalanvi-N-r? 3-dioxo-3-((1 -methyl) 
ethoxvV1fSV(phenvlmethv l^proDvn-L-prolinamide . 

The compound was prepared in a manner according to tlie procedure described 
as General Procedure C. Tlie product of the preceding Example (172 mg, 0.283 mmol) 
5 was treated with the periodinane. and the cmde product, isolated by cWoroform 
extraction, was purified on silica eluted with 2%. 4%, and 10% ethanol In 
dichloromethane giving the title substance as a coloriess foam (110 mg. 64%). LSIMS 
605 (24. M**H), 333(50). 207(55). 147 (100). 

Example 25 

10 N. (4-oxopiDeridin«^-1 -carbonvIM -ph«.nvlalanvl-N-f3-amino-2.3-dioxo-1 (S)- 

(phftn Ylmethyl^proP YiyL-profinamide 

A. N.(4-oxopiperidinfvl-carbonvlV i-nher»vlalanvl-N-f2fR)-hvdroxy-3-(amino)- 

ftu^vr>-l f S Hphenylm ethyhpropyil-l -prolinamide 

The compound was prepared in a manner according to the procedure described 

15 as General Procedure A. The product of Example 16b (250 mg. 0.645 mmol) was 
coupled with 3(S).2(R)-3-amino-2-hydroxy-4-phenylbutyramide (USP 4 668 769, 164 
mg. 0.710 mmol) to yield crude product In unexpectedly low yield (30 mg. 9%). The 
aqueous layers from the extractions were brought to pH 7 and saturated with NaQ. and 
the resulting solution was repeatedly extracted with chloroform. These extracts were 

20 combined, dried and concentrated giving 102 mg of a yellow foam which was 
chromatographed on silica eluted with 2%. 6%. and 10% ethanol in dichloromethane 

giving 26 mg of the title substance. 

B. fM-(A-oxQPiDeririin«>-l-carbonv i)-l-nhenvlalanvl-N-r3-amino-2.3-dioxo- 

Kg). fphenvlmethvl )pr»PVn-L-P''Ql'namlde 

25 The compound was prepared In a manner according to the procedure described 

as General Procedure C. The product of the preceding Example (22 mg. 0.036 mmol) 
was treated with the periodinane. and the crude product, isolated by chlorofomi 
extraction, was purified on sHica eluted with 2%. 4%. 6%. 10%. and 20% ethanol in 
dichloromethane giving the title substance (7 mg. 32%) LSIMS 564 (30%. M-H). 292 

30 (100%). 



« 
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CLAIMS 

1 . A compound of the formula 

R c ru- pi 




(CH2)n R' 



0 



I 



H 



10 wherein n is one or two; 

is phenyl, naphthyl. (C3-C7)cycloalkyl. unsaturated heterocyde. or benzo- 
fused unsaturated heterocyde; wherein said unsaturated heterocyde is selected from 
pyrrolyl. pyrrolinyl. furyl. dihydrofutyl. thienyl. dihydrothienyl. oxazolyl. oxazolidinyl. 
feoxazolyl. isoxazolinyl. imidazolyl. imidazdinyl. thiazolyl. thiazolidinyl. isothlazolyl. 

15 Isothiazolinyl. pyrazolyl. pyrazolinyl. triazolyl. tetrazolyl. 1 .3.5-oxadiazolyl. 1.2.4- 
oxadlazolyl. 1,3.5-thiadiazolyl. 1 ,2.4-thiadiazolyl. pyridyl. pyranyl. pyrazinyl. pyrimidinyl. 
pyridazlnyl. 1 .2.4-triazlnyl. 1.2.3-triazinyl. 1.3.5-tiiazlnyl. 1 .2.5rthiadia2inyl. 1.2.5- 
oxathiazinyl. and 1 .2.6-oxathiazlnyl; wherein said benzofused-unsaturated heterocyde 
is selected from benzoxazolyl. benzothlazolyl. benzimidazolyl. tWanaphthenyl. 

20 Isothlanaphthenyl. benzofuranyl. isobenzofuranyl. diromenyl. isoindolyl. indolyl. 
mdazolyl. Isoquinolyl, quinolyl. phthalazlnyl, quinoxallnyl. quinazolinyl. dnnolinyl and 
benzoxazinyl: wherein each of said phenyl, naphthyl. unsaturated heterocyde and 
benzofused unsaturated heterocyde may optionally be substituted with from one to 
three substituents. said substituents being independently selected from bromo. chloro. 

25 fluoro. (C,-Cs)alkyl. (C,-C5)alkoxy. (C,-C5)alkylthio. (C,-C5)alkylamino. (C,- 
CJalkylsulfonyl, (C,-C5)dialkyIamino. hydroxy, amino, nitro. cyano. trifluoromethyl, 
O O O O 

-C0(C,-C5)aIkyl. -CNH,. iNH(C,-C5)alkyl. -CN-di(C,-C5)alkyl. and formyl; and wherein 
30 said (C3-C7)cydoalkyl may optionally be substituted with from one to three substituents. 
said substituents being independently seledpd from bromo. chloro. fluoro. (C,-C5)alkyl. 
(C,-C6)alkylthlo, (C,-C6)alkoxy. hydroxy, trifluoromethyl and oxo (0=); 

is {C,-C6)alkyl. {C3-CB)cydoalkyl. (C3-Ce)cydoalkyl{C,-C5)alkyl. (C,- 
C5)alkoxy{C,-C,)aikyl. (C,-C5)alkylthio(C,-C,)alkyl. phenyl, unsaturated heterocyde. 



I • 
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phenyl{C,-C2)aIkyl, or unsaturated heterocycle(C,-C2)aIkyl; wherein said unsaturated 
heterocycle is as defined for R^; wherein said unsaturated heterocycle(C,-C2)alkyl is an 
unsaturated heterocycle moiety as defined in R\ wherein any one of the carbon atoms 
of said unsaturated heterocycle moiety is substituted with {C,-C2)alkyl; wherein said (C,- 

5 C5)alkyl, (C3-Ce)cycloalkyl(C,-C5)alkyl and (C3-C8)cycIoalkyl may optionally be 
substituted with one or more fluorine atoms; wherein each of said phenyl, unsaturated 
heterocycle, phenyl{Ci-C2)alkyl, and unsaturated heterocycIe(C^-C2)alkyl may optionally 
be substituted on the ring atoms with from one to three substituents, said substituents 
being independently selected fi-om the functionalities set forth in the definition of for 

10 the substituents on said phenyl; 

R^ is selected from the functionalities listed in groups (a) - (d) below: 
a) piperazino, piperidino, pyrrolidine, 3-azabicyclo[3.1 .0]hex-3-yl and azetidino, 
wherein any of the carbon atoms of said piperazino may optionally be substituted with 
one or two substituents, said substituents being fndependentiy selected from (C,- 

15 Cs)alkyl, (C,.C5)alkoxy(C,-C3)alkyi, hydroxy(C,-C3)alkyl, (C,-C5)alkylthio(C,-C3)alky!, 
amino(C,-C3)aIkyl, (C,-C5)alkylamino(C,-C3)alkyl, and (C,-C5)dialkylamino(C,-C3)aIkyl; 
wherein the nitrogen in the 4 position of said piperazino may optionally be substituted 
with (C,-C5)alkyl, {C,-C5)aIkoxy(C2-C4)alkyl. hydroxyCCj-CJalkyl. aminoCCa-CJalkyI, (C^ 
C5)alkylamlno(C2-C4)alkyl, {C,-C5)dialkylammo(C2-C4)alkyl, and 2.2,2-trifluoroethyI; 

20 wherein any of the carbon atoms of said piperidino, pyn-olidino, 3-azabicyclo[3.1 .0]hex- 
3-yl and azetidino may optionally be substituted with one or two substituents, said 
substituents being independently selected from chloro, bromo, fluoro, hydroxy, (C^- 
C5)alkyl, amino(C,-C3)a!kyl. (C,-C5)alkylamino(CrC3)alkyl, (CrC5)diaIkylamino(C,- 
C3)alkyl, (C,-C5)aIkoxy(C,-C3)alkyl. (C,-C5)aIkoxy, {C,-C5)alkoxy{C,-C3)alkoxy, amino, 

25 (C^-C5)aIkylamino, (C,-C5)dialky!amino. (C,-C5)alkytthio, oxo (0=), unsaturated 
heterocycle, azetidino, pynrolidino, piperidino, morphoiino, 4-oxopiperdino, 4- 
hydroxypiperidino and piperazino, wherein the nitrogen in the 4 position of said 
piperazino may optionally be substituted witii (C,-C5)alkyl. (C,-C5)alkoxy(C2-C4)alkyl, 
hydroxyCCj-CJalkyI, amino(C2-CJalkyl, (C,-C5)alkylamino(C2-C4)alkyl, (C,- 

30 C5)dialkylamino(C2-C4)alkyl, or 2,2,2 tiifluoroetiiyl; wherein said unsaturated 
heterocycle is as defined in R^ wherein said unsaturated heterocycle may optionally 
be substituted with from one to three substituents independently selected from the 
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functionalities set forth in the definition of for the substituents on said unsaturated 
heterocycle; 

b) 4-morphoHno, 4-thiomorpholino, 1-oxothiomorphoiino, and 1,1- 
dioxothiomorpholino; wherein any of the carbon atoms of said 4-morpholino, 4- 
5 thiomorpholino, 1-oxothiomorpholino, and 1,1 dioxothlomorpholino may optionally be 
substituted with one or two substituents, said substituents being independently selected 
from {C,-C5)alkyl. (CrC5)alkoxy(C,-C3)alkyl. hydroxy(C,-C3)alkyl. {C,-C5)alkylthio(C,- 
C3)alkyl, amino(C,-C3)alkyl, (C,-C5)aIkylamino(C,-C3)alkyl and (C,-Cs)dialkylamlno(Ci- 
C3)alkyl; 

10 c) (C|-C7)alkyl and (C3-C7)cycloalkyI; wherein said {C3-C7)cycloaIkyl may 

optionally be substituted with from one to three substituents, said substituents being 
independently selected from halo, hydroxy, (C,-C5)alkoxy, (C,-C5)alkoxy{C,-C3)alkyl, 
hydroxy(C,-C3)alkyl, (C^-C5)alkylthio{C,-C3)alkyI, amino(C,-C3)alkyl, (C,- 
C5)alkylamino(C,-C3)alkyl, {CrC5)dialkylamino(C,-C3)alkyl, (C,-C5)alkoxy(C,- 

15 C3)alky!oxy, amino, {C,-C5)alkylamino, (Ci-C5)dialkylamino. (C,-C5)alkylthio, azetidino, 
pyrrolidino,piperidino,piperazino,4-(C|-C5)alkyipiperazino,morpholino,thiomorpholino, 
oxothiomorphilino, dioxothiomorpholino, 4-oxopiperidino, 4-hydroxypiperidino, and 
unsaturated heterocycle, wherein said unsaturated heterocycle is defined as in 
wherein said unsaturated heterocycle may optionally be substituted with from one to 

20 three substituents independentiy selected from the functionalities set forth in the 
definition of R^ for the substituents on said unsaturated heterocycle; wherein said (C^- 
C7)alkyl may optionally be substituted with one to three substituents, said substituents 
being independently selected from halo, hydroxy, (C)-C5)alkoxy, (C,-Cg)alkoxy(C^- 
C3)alkyloxy, amino, (C,-C5)aIkylarnino, (C,-C5)dialkyiamino, (C,-C5)alkylthio, azetidino, 

25 pyrrolidine, piperidino, piperazino, 4-(N)-(C,-C5)alkylpiperazino, morpholino, 
thiomorpholino, oxothiomorpholino, dioxothiomorpholino, 4-oxopiperidino, 4- 
hydroxypiperidino, and unsaturated heterocycle; v^eretn said unsaturated heterocycle 
is defined as in RV wherein said unsaturated heterocycle may optionally be substituted 
witti firom one to three substituents independently selected from the functionalities set 

30 fortii in the definition of R^ for tiie substituents on said unsaturated heterocycle; 

d) (R^E)-. wherein E is oxygen, -NH or -NCCi-Cgjalkyl, wherein Rg is (C,- 
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O O 

II II 

C5)alkyl, 2,2,2 trifluoroethyl, R'(C2.C4)alky!, R^C(Ca-C4)alkyl, R^C-N-CC^-CJalkyl, 

5 (C,-Cs)alkyl 

unsaturated heterocycle{C2-C4)alkyl, amlno(C2-C4)aIkyl, -C4)alkyl, (C,-C5)alkoxy{C2- 
CJalkyi or hydroxyCC^-CJalkyl; wherein said unsaturated heterocycle(C2-C4)alkyl is an 
unsaturated heterocyde moiety as defined In R\ wherein one of the ring atoms of said 
unsaturated heterocyde moiety of said unsaturated heterocycle(C2-C4)alkyl so defined 
10 is substituted with (C2-C4)alkyl; wherein said unsaturated heterocycle(C2-C4)alkyl may 
optionally be substituted on any of the ring atoms with from one to three subsfituents 
independently selected from the functionalities set forth in the definition of R^ for the 
substituents on said unsatuTated heterocyde; 

r7 is azetidino, pyrroUdino, piperidino, piperazino, 4-(N)-(C,-C5)alkylpiperazino, 
15 thiomorpholino. oxothiomorphoiino, dioxothiomorpholino or morphoiino; 
A Is carbonyi or suifonyl; 

D Is NH, N(C,-C5)aIkyl. CHj, oxygen. CH(OH). or CH-0.(C,-C6)alkyl: 

X is proline, 2-piperidinecarboxyiic add or 2-azetidinecarboxylic add, wherein 

said proline, 2-piperidinecarboxylic acid and 2-azetidinecarboxylic acid may optionally 
-20 be substituted with one or two substituents, said substituents being independently 

selected from bromine, chlorine, fluorine, (C,-C5)alkyl, (C,-C3)alkoxy, oxo, and hydroxy; 

O 

II 

Y is BF,, B(0M)2, -C-Z or -C(0H)2Z. wherein M is hydrogen, or (C^-C5)afkyl, 
25 wherein the two M substituents may optionally form, together with the boron atom and 
the two oxygen atoms to which they are attached, a saturated heterocyclic ring 
containing the boron atom, 2 oxygen atoms and 2 or 3 carbon atoms, and wherein any 
of the carbon atoms of said heterocydic ring may optionally be substituted with one or 
two (CrCB)alkyl groups; 

30 

O O O 

II II II 

Z is selected from CF^R", CF^CN-R", -C-N-R", -C-O-R^^ or a 

I I 

35 R" R'' 
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heterocycle selected from 2-oxazolyl. 2-thlazolyl, 2-imida2olyl, 2-tWenyl, 2-furyl, 2- 
pyrrolyl, S-tetrazolyl, 2-benzothiazolyI. 2-ben20xazolyI, 2-ben2imidazolyl, 2-benzofuryl, 
2-benzothienyl and 2-indolyi; wherein said heterocycle may optionally be substituted 
with one to three substituents, said substituents being independently selected from (C^- 
5 C3)aikoxy, bromo, 

O O 

II il 

chloro, fluoro, {Ci-C3)alkyl, hydroxy, amino, nifro, cyano, -C0(C,-C5)alkyl, -CNHj, 

1 0 fomiyl. (C,-C5)alkylthio, {C^-C5)alkylamino. -CF3, (C,-C4)allcyl-S02-, trifluoromethyl, and 
(C,-C5)dialkylamino; , 

is hydrogen, fluorine, (C,-C5)alkyl, (C,-Ce)perfluoroalkyl, amino (C,-C5)alkyl, 
(C,-C5)alkylamino(C,-C6)alkyl, di(C,-C8)alkylamlno(CrC6)alkyl, (C,-CB)aIkoxy(C,-C5)- 
alkyl or hydroxy(C,-C5)alkyl; 

15 R^^ and R^^ are independently selected from hydrogen, (C|-C5)alkyl, (C3- 

Cs)aikenyl, and R^(C2-C4)aIkyi, wherein R^ is defined as above; 

with the proviso that (a) no carbon alpha to a ring nifrogen in the substituent R^ 
may be directly bonded to a halogen, oxygen or nifrogen substituent, (b) when X is 
substituted proline, 2-piperidinecarboxyiic acid or 2-azetidinecartx)xylic acid, then no 

20 fluorine, 0x0, (C,-C3)a]koxy or hydroxy substituent is present on either of the ring 
carbon atoms adjacent to the nifrogen atom of said proline, 2-piperidinecarboxyiic add 
or 2-azetidinecarboxylic acid, and (c) the compound of fonnula I can not be defined as 
a compound wherein n is one. R^ is phenyl, R' is phenyl(C,-C2)alkyl, R* is {R®E)- 
wherein E is oxygen and R^ is (Ct-C5)alkyl, A is carbonyl, D is NH, X is proline and Y 

25 is B(0IVI)2. 

2. A compound according to daim 1 with the additional proviso that (d) the 
compound of formula i can not be defined as a compound wherein n is one, R^ is 
phenyl, R^ is phenyl(C,-C2)aIkyl, R^ is unsubstituted (C^-CJalkyl. A is carbonyl, D is NH, 
X is proline and Y is B(0M)2. 
30 3. A compound according to daim 1 with the additional proviso that (d) the 

compound of formula I can not be defined as a compound wherein n is one, R^ is 
phenyl, R* is phenyl(C|-C2)aIkyl, R* is unsubstituted (C,-C5)alkyl, A is cari:)onyl, D is NH, 
X is proline and Y is BFj. 

4. A compound of the fonnula 



I 
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I 



10 

wherein n Is 1 ; 

is phenyl or (C3-C7)cycloalkyl, wherein said phenyl may optionally be 
substituted with from one to three substituents, said substituents being independently 
selected from bromo. chloro, fluoro. (C,-C5)alkyl, (C,-C5)aIkoxy, (C^-C5)aIkylthio, (C,- 
1 5 C5)alkylamino, (Ci-C4)alkylsulfonyl. (C,-C5)dialkylamino, hydroxy, amino, nitro, cyano, 
trifluoromethyl, 

o o o o 

II II II II 

.C0(C,-C5)alkyl. -CNH^, -CNH(C,-C5)alkyI, -CN-di(C,-C5)alkyl, and fomnyl; and wherein 
20 said (C3-C7)cycloalkyl may optionally be substituted with from one to three substituents, 
said substituents being independently selected from bromo, chloro, fluoro, (C,-C5)alkyl, 
(C,-C5)alkylthio, (C,-C5)a!koxy, hydroxy, trifluoromethyl and oxo (0=); 

is (C,-C5)alkyl, hydroxy(C,-C5)alkyl, {C,.C5)alkoxy{C,-C,)alkyl. (C,- 
C5)alkylthio(C,-C2)alkyl. phenylmethyl, 4-imidazolylmethyl or4-thiazolylmethyl; wherein 
25 any of the carbon atoms of said (C,-C5)alkyl may optionally be substituted with one or 
more fluorine atoms; and wherein from one to three carbon atoms of the phenyl moiety 
of said phenylmethyl may optionally be substituted with any of the functionalities set 
forth in the definition of above for the substituents on said phenyl; 

R^ is selected from the functionalities listed in groups (a)-(d) below: 
30 a) piperidino. pyn-olidino.S-azabicyclop.l .0]hex-3-ylandazetidino; wherein 

the nitrogen in the 4-position of said piperazino may optionally be substituted with (C,- 
C5)alkyl, (C,-C5)alkoxy(C2-C4)alkyL hydroxyCC^-CJalkyl, aminolC^-CJalkyl. (C,- 
C5)alkylamino(C2-CJalkyl, {C,.C5)dialkylamino(C2.C,)aIkyl. or 2,2,2 trifluoroethyl; 
wherein any of the ring carbon atoms of said piperazino, piperidino. pyn'olidino, 3- 
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azabicyclo[3.1.0]hex-3-yl and azetidino may optionally be substituted with one or two 
substltuents. said substituents being independently selected from {C,-C5)alkyi. amino 
(C,-C3)alkyl, (C,-C5)alkylamino(CrC3)alkyl, (Ci-Cs)dialkylamino(C,.C3)alkyl, hydroxy, oxo 
(0=), {C,-C5)alkoxy(C,-C3)a!koxy, amino, {C,-C5)alkylamino, {C,-C5)dialkylamino, 
5 azetidino, pyn-olidino, piperidino, piperazino, 4-N-(C,-C6)alkylpiperazlno, morpholino, 
and unsaturated heterocycle; wherein said unsaturated heterocycle is selected from 
pyn-olyl, pyrrolinyl, furyl, dihydrofuryl, thienyl, dihydrothienyl. oxazolyl, oxazolidinyl, 
isoxazolyl, isoxazolinyl, imidazolyl, imidazolinyl, thiazolyl, thiazolidinyl, isothiazolyl, 
isothiazolinyl, pyrazolyl, pyrazolinyl, triazolyl, tetrazolyl, 1,3,5-oxadiazolyl, 1,2,4- 

10 oxadiazolyl, 1 ,3,5-thiadiazoIyl, 1 ,2,4-thiadiazolyl, pyridyl, pyranyi. pyrazinyf, pyrimidinyl. 
pyridazinyl. 1,2,4-triazinyI, 1,2,3-triazinyl, 1,3,5-triazinyl, 1 .2,5-thiadiazinyl. 1,2,5- 
oxathiazinyl, and 1 ,2.6-oxathiazinyl; wherein said benzofused-unsaturated heterocycle 
is selected from benzoxazolyl, benzothiazolyl, benzimidazolyl. thianaphthenyl, 
isothianaphthenyl, benzofuranyl. isobenzofuranyl, chromenyl, isoindolyl. indolyl, 

15 indazolyl, isoquinolyl, quinolyl, phthalazinyl, quinoxalinyl, quinazolinyl, cinnolinyl and 
benzoxazinyl; wherein said unsaturated heterocycle may optionally be substituted with 
from one to three substituents, said substituents being independently selected from 
bromo. chloro. fluoro, (C,-C5)alkyl, {C,-C5)alkoxy, (C,-C5)alkylthio, (C,-C5)alkylamino. 
(Ci-CJalkylsulfonyl, (Ci-C5)dialkylamino, hydroxy, amino, nitro, cyano, trifluoromethyl, 

20 O O O O 

II II II n 

.C0(C^-C5)alkyl, -CNH^, -CNH{C,-C5)alkyl, -CN-di(C,-C5)alkyl, and formyl; 

b) morpholino optionally substituted with one or two substituents, said 
25 substituents being independently selected from (C,-C5)alkyl, amino{C,-C3)alkyl. (C,- 

C5)alkylamino(C,-C3)alkyl, and (C,-C5)dialkylamino(C,-C3)aIkyl; 

c) {C|-C7)alkyl and {C3-C7)cycloalkyl; wherein said (C,-C7)alkyl may 
optionally be substituted with from one to three substituents, said substituents being 
independently selected from amino, (C,-C5)alkylamino, (C,-C5)dialkylamino, azetidino, 

30 pyn-olidino. piperidino, piperazino, 4-N-(C,-C5)alkylpiperazino and morpholino; wherein 
said (C3-C7)cycloalkyl may optionally be substituted with one to three substituents, said 
substituents being independently selected from amino. (C^-C5)aIkylamino, (C,- 
C5)diaIkylamino, amino{CrC3)alkyl, (C,-C5)alkylamino{C,-C3)alkyl, (C,- 
C5)dialkylamino(CrC3)alkyl, azetidino, pynolidino, piperidino, piperazino, 4-N-{C,- 
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Cg)alkylpiperazino, morpholino and unsaturated heterocycle, wherein said unsaturated 
heterocycie is as defined in the definition of unsaturated heterocycle in R^(a) above; 
wherein said unsaturated heterocycle may optionally be substituted with from one to 
three substituents independently selected from the functionalities set forth in the 
5 definition of unsaturated heterocycle in R*(a) above; and 

d) (R^E)% wherein E is oxygen or -N(C,-C5)alkyl, and wherein is (C|- 
C5)alkyl, 2-(pyridyl)ethyl, di(C,-C5)alkylaminoethyl, di(C,-C5)alkylaminopropyl, 2- 
O O 

ii II 

10 (R'C)ethyl or 2-[R^CN(C,-C5)alkyl]elhyl: 

is azetidino, pyrrolidino, piperidino, piperazino, 4-N-(C,-C5)alkylpiperazino, 
thiomorpholino, oxothiomorpholino, dioxothiomorphoiino or morpholino; 
A is carbonyl or sulfonyl; 
D is NH, CH2 or oxygen; 
15 X is proline; 

O 

II 

Yis-C-2or -CCOH)^!; 

20 

O O 

II II 
Z Is CF3, COjR", -C-N-R^^ -CF2CN-R^^ 

I I 
25 R" R'^ 

or a heterocycle selected from 2-oxazolyi, 2-benzoxazolyl, 2-thiazolyl, 2-benzothiazolyl, 

2-furyl, 2-benzofuryl, 2-thienyl and 2-benzothienyl; wherein said 2-oxazolyl, 2- 

benzoxazolyl, 2-thiazolyl, 2-benzothiazolyl, 24uryl, 2-benzofuryl, 2-thienyl and 2- 

benzothienyl may optionally be substituted with from one to three substituents 

30 independently selected from (C|-C3)alkoxy» bromo. 

O O 

II II 

chloro, fluoro, (C,-C3)alkyl, hydroxy, amino, nitro, cyano, -C0(C,-C5)alkyl, -CNHj, 

35 fomiyt, (C,-C5)alkylthio. (Ci-C5)alkylamino, -CF3, (C,-C4)alkyl-S02-, trifluoromethyl, and 
(C,-C5)dialkylamino; 

R'^ and R^^ are independently selected from hydrogen, (C,-C5)alkyl, (C3- 
Cgjalkenyl, and R'(C2-C4)alkyl, wherein R^ is defined as above; 
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with the proviso that (a) no carbon alpha to a ring nitrogen in the substituent 
may be directly bonded to a halogen, oxygen or nitrogen substituent, (b) when X is 
substituted proline, then no fluorine, oxo, (C,-C3)alkoxy or hydroxy substituent is 
present on either of the ring carbon atoms adjacent to the nitrogen atom of said 
5 proline, and (c) when E is oxygen is (C,-C5)alkyi; and (d) when E is N(C)-C5)alkyl, 
R^ is selected 

O 

II 

from 2-(pyridyl)ethyl, di(C|-C5)a!kylaminoethyl, di(C,-C5)alkylaminopropyl, 2-(R^C)ethyl 

10 

O 

II 

and 2-[R^CN(C,-C5)a]kyl]ethyI. 

5. A compound according to claim 4 wherein R' is cyclohexyl or phenyl; 

15 R^ is (C^-C5)alkyl, phenytmethyl, 4-imidazolylmethyl, or 4-thiazolylmethyl; 

R* is piperazino, 4-N-{C,-C5)alkylpiperazlno, morpholino, piperidino, 2-(Ci- 
C5)dialkylamino{C,-C3)aIky!morpholino, or (C3-C7)cycloalkyl; wherein said piperidino 
may optionally be substituted with one or two substituents, said substituents being 
independently selected from (C,-Cs)alkyl, amino(C,-C3)alkyl, (C,-C5)alkylamino(C,- 

20 C3)alkyl, (C,-C5)dialkylamino(C,-C3)alkyl, hydroxy, oxo, (C, •C5)alkoxy, (C,-C5)alkoxy(C,- 
C3)alkyloxy. amino, (C|-C5)alkylamino, (C,-Cs)dialkylamino, azetidino, pyrrolidine, 
piperidino, piperazino, morpholino, 4-N-(Cf-C5)aIkylpiperaztno and unsaturated 
heterocycle; wherein said unsaturated heterocycle is as defined as in the definition of 
R^(a) in claim 2; wherein said unsaturated heterocycle may optionally be substituted 

25 with one to three substituents independently selected from the functionalities set forth 
in the definition of R^(a) in claim 2 for the substituents on said unsaturated heterocycle; 
wherein said (C3-C7)cycloaIkyi may optionally be substituted with from one to three 
substituents, said substituents being independently selected from hydroxy, oxo (~0), 
(C,-C5)aikoxy, amino, (C|-C5)alkylamino, (C,-C5)dialkylamino, amino{C,-C3)alkyl, (C,- 

30 C5)alkylamino(C,-C3)alkyl, (C,-C5)dialkylamino{C^-C3)alkyt, azetidino, pyn^olidino, 
piperidino, piperazino, 4-N-(C,-C5)piperazino, morpholino, and unsaturated heterocycle; 
wherein said unsaturated heterocycle is as defined as in the definition of R^(a) in claim 
2; wherein said unsaturated heterocycle may optionally be substituted with one to three 
substituents independently selected from the functionalities set forth in the definition of 

35 R^(a) in claim 2 for the substituents on said unsaturated heterocycle; 
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A is carbonyi or suKonyl; 
D is NH, CH2 or oxygen; 
X is proline; 

5 

O 

II 

Yis-C.Zor-C(0H)2Z; 

10 

O O 

II II 
Z is CF3. CO,R^^ .C.N-R^^ <;F2CN•R^^ 

I I 
15 R^' R'' 

or a heterocyde selected from 2-oxazolyl, 2-benzoxazolyl, 2-thia2olyl, 2-benzothiazolyl, 

2-furyI, 2-benzofuryl, 2-thjenyl and 2-benzothienyl; wherein said 2-oxazolyl. 2- 

benzoxazolyl, 2-thiazolyl, 2-benzotliiazolyl. 2-furyl, 2-benzofuryl, 2-thienyl and 2- 

benzothienyl may optionally be substituted with from one to three substituents 

20 independently selected from (C^-Cajalkoxy. bromo, 

O O 
• II II 
chloro, fluoro, (C,-C3)alkyl, hydroxy, amino, nitro, cyano, -C0(C,-C5)aIkyl, -CNH^, 

25 fonnyl, (CrC5)alkyIthio, (C,-C5)alkylamino, -CFg, (C^^JJalkyl-SOj-, trifluoromelhyl, and 
(C,-C5)diallcylamino; 

R^^ and R^^ are independently selected from hydrogen, (C,-C5)alkyl, (C3- 
C5)alkenyl, and R^CCj-CJalkyl, wherein R^ is defined as above; 

with the proviso that (a) no carbon alpha to a ring nifrogen in the substituent R^ 
30 may be directly bonded to a halogen, oxygen or nifrogen substituent,and (b) when X 
is substituted proline, then no fluorine, 0x0, (CrC3)alkoxy or hydroxy substituent is 
present on either of the ring carbon atoms adjacent to the nitrogen atom of said 
proline, 

6. A compound of the formula I according to claim 1 wherein that 
35 compound is 

N-[(1,1-dimethylethoxy)carbonyl]-L-alanyl-N-[2,3-dioxo-3-methoxy-1- 
(phenylmethyl)propylJ-L-prolinamide; 
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N-[(1,l-dimethyethoxy)carbonyll-L-valyl-N-[2,3-dioxo-3-methoxy-1- 

(phenylmethyl)propyl]-L-prolinamide; 

N"[4-IN-methylamino]piperidine-1-carbonyl]-L-valyl-N-[3,3,3- 

trifluoro-2-oxo-1(S)-(phenylmethyl)propyl]-L-prolinamide hydrochloride; 
5 N-[4-[N-methylamino]piperidine-1-carbonyl]-L-valyl-N-[3.3,3-trifl^ 
1 (S)-(phenylmethyl)propyl]-L-prolinamide hydrochloride; 

N-[4-[N-methylamino]piperidine-1-carbonyl]-L-valyl-N-I2.3-dioxo-3-l- 

methylethoxy-1 (S)-{phenylmethyI)propy!]-L-prolinamide hydrochloride; 

N-[4-[N-methylamino]piperidine-1-carbonyll-L-vaIyl-N-[2,3-dioxo-3-1- 
1 0 methylethoxy)-1 (S)-(phenylmethyl)propyl]-L-prolinamide hydrochloride; 

N-(4-oxopiperidine-1 -carbonyl)-L-phenylalanyl-N-[2,3-dioxo-3-((1 -methyl)ethoxy)- 
1 -(phenylmethyl)propyl]-L"prolinamide; or 

N-(4-oxopiperidine-1-carbonyl)-L-phenylalanyl-N-[2,3-dioxo-3-((1-methyl) 

ethoxy)-l(S)-(phenylnnethyI)propyI]-L-prolinamide. 

15 7. A method of treating or preventing a disease selected from hypertension, 

cardiac and left ventricular hypertrophy, coronary artery disease, diabetic renal disease, 
and non-diabetic renal disease, comprising administering to a mammal In need of such 
treatment a chymase inhibiting effective amount of achymase Inhibiting compound, or 
pharmaceutically acceptable salt thereof. 

20 8. A phannaceutical composition for treating or preventing a disease 

selected from hypertension, cardiac and left ventricular hypertrophy, coronary artery 
disease, diabetic renal disease, and non-diabetic renal disease, comprising a chymase 
inhibiting effective amount of a chymase Inhibiting compound, or a phannaceutically 
acceptable salt thereof, and a pharmaceutically acceptable carrier. 

25 9. A method for treating or preventing a disease selected from 

hypertension, cardiac and lefl ventricular hypertrophy, coronary artery disease, diabetic 
renal disease, and non-diabetic renal disease, which comprises administering to a 
mammal in need of such treatment an amount of a compound of the formula I or a 
pharmaceutically acceptable salt thereof, that Is effective in treating or preventing such 

30 disease. 

10. A pharmaceutical composition for treating or preventing a disease 
selected from hypertension, cardiac and left ventricular hypertrophy, coronary artery 
disease, diabetic renal disease, and non-diabetic renal disease, comprising an amount 
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of a compound of the formula I that is effective in treating or preventing such disease, 
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable 
carrier. 

11. A method for treating or preventing a disease selected from 
5 hypertension, cardiac and left ventricular hypertrophy, coronary artery disease, diabetic 

renal disease, and non-diabetic renal disease, which comprises administering to a 
mammal in need of such treatment a chymase inhibiting amount of a compound of the 
formula I or a pharmaceutically acceptable salt thereof. 

12. A pharmaceutical composition for treating or preventing a disease 
10 selected from hypertension, cardiac and left ventricular hypertrophy, coronary artery 

disease, diabetic renal disease, and non-diabetic renal disease, comprising a chymase 
inhibiting amount of a compound of the formula I, or a phamnaceutically acceptable salt 
thereof, and a pharmaceutically acceptable carrier. 
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